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In neuromuscular blockade... 


Closest to the ideal: 


Adapted trom Morris, R.B., et al., Anesthesiology 1983, 58:438 


% of control 


MINUTES AFTER ADMINISTRATION 













The Effect of Non-depolarizing Muscle Relaxants 
on Histamine Levels, Mean Arterial Pressure and Heart Rate” 





Percent of Control 
















Drug Dose xED,, Histamine Mean Arterial Heart 
(mg/kg) Pressure Rate 
tubocurarine 0.5 1 318 78 116 
metocurine 0.5 2 212 79 119 
atracurium 06 3 192 80 108 
vecuronium 0.1 1.7 117 100 99 
vecuronium 3.9 





0.2 102 


The Neuromuscular Effects of Maintenance Doses 
of Vecuronium, Atracurium and Pancuronium °° 


Pancuronium 0.02 mg/kg 
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Atracurium 0.08 mg/kg 


Vecuronium 0.015 mg/kg 
1 2 3 4 5 6 7 
Number of Doses of Muscle Relaxant 








Free of clinically 
significant 
cardiovascular effects 


NORCURON is the only surgical 
muscle relaxant for which no clinically 
significant adverse cardiovascular 
effects have been observed in clini- 
cal trials. ° This makes NORCURON 
unique among all neuromuscular 
blocking agents in clinical use.” 


Histamine release 
unlikely to occur 


Histamine release has not been 
observed with NORCURON...as shown 
by preliminary clinical experience. In 
doses up to 3.5 times the ED., it causes 
no increase in circulating histamine 

nor does it decrease systemic blood 
pressure.” 


Hypotension and tachycardia tend to occur when 
histamine levels are increased to about 200% 
of control.’ 


No clinically 
significant 
cumulative 
effects seen 


With NORCURON cumulative 
effects are not seen in clinical 
practice. The interval between 
repeated doses has been found to 
remain constant between as 
many as six to ten repeated 
administrations.°” 





(vecuronium brom’> for injection) 


E 
Safety Index and Comparative Safety Ratios? — . Outstanding 
safety profile 
Safety Index = < 2 atenomic inhibition =| Ss The Safety index helps quantify the im- 
ED,, neuromuscular blockade proved safety of the newer muscle relax- 


ants on arelative basis. The characteristics 
of cardiovascular effects and histamine 


| , release are areas where the new agents, 
For Vagolytic Effects For CV/Histamine Related Effects particularly NORCURON, have made the 


Comparative Safety Ratios 


gallamine 4 d-tubocurarine 121 most significant gains.° 
ancuronium 1 l | 

p | 3 metocurine 2:1 The Safety Index is described as the ED, 

atracurium 25-30:1 atracurium 3:1 for autonomic inhibition over the ED.. for 

vecuronium 60:1 vecuronium r neuromuscular blockade.*® 


“cannot be calculated since it does not cause any CV 
or histamine related effects 





A Comparison of Surgical Muscle Relaxants vs. The Ideal4 
( +” signifies proximity to the ideal) 













Characteristic Vecuronium Atracurium Pancuronium Succinylcholine D-tubocurarine 
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Reversibility 






Potency + + + = 2 
Non-depolarizing + + + Zs 
Metabolite Activity 







"Currently under evaluation 


(vecuronium bromide for injection) 
Closest to 
the ideal 


Of the newer short- to intermediate-acting drugs, 
NORCURON has the most ideal profile, 
specifically attributable to its outstanding safety 
features relating to cardiovascular side effects and 
histamine-releasing properties.‘ 
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July 1984. NORCURON® (NC-45) 


Vecuronium Bromide for nection 


. THIS DRUG SHOULD BE ADMINISTERED By ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS. AND HAZARDS . 


DESCRIPTION: NORCURON « (vecuronium bromde tor injection) s a nandepolanzng “euremuscular blocking 
acant of intermediate duration, chemscaily designated as pipendinium. T-H(2B. 3a. 5a 155 F713. 17-bis (ace- 
tyloxy!-2-(1- pipendinyl) androstan-16-yil-t-methy!-. bromide The structural formulas 
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Norcuron * is supplied as a stenie freeze-dried buffered cake of very fine microscopie CryStainne particles for istra- 
vengus imection only. Following reconstitution with saivent (water for msection) the resuitant saiution ss isotone 
and has apHol4 Each 5 mi wal contains 16 mg vecuronium bromide. Each vial also contains otrie acid. dibasic 
eae phosphate sodium hydroxide. and-or phosphone acid to buffer and adjust pH ang manmtoi to make iso- 
One, 


CLINICAL PHARMACOLOGY: Norcuron’ (vecuronium bromide for injection) is a nondepoianzing neuromuscular 
blocking agent possessing all af the characteristic pharmacological actions of this class of drugs (curantorm) tt 
acts by competing for cholinergic receptors at the motor end-siate The antagonism to acetyicholine 3s inhibited 
and neuromuscular block is reversed by acelyicnolinesterase mhibiters such as neostigmine. ecrophomum. and 
pyndostigmine Norcuron* is about 1-3 more potent than pancurocium. the duration of neuromuscular blockade 
produced by Norcuron* is shorter than that of pancuronium at tially equipotent doses The time to onset ot 
paralysis decreases and the duration of maximum affect increases wih increasing Narcurcn doses The use of a 
peripheral nerve stimulator is of benefit in aSsessing the degree of muscular relaxation 


The EDs (dose required to produce 90% suppression of the muscie twitch response with D 
has averaged 0 057 mg-kg (0 049 to 0.062 mg kg in vangus Studies} An inital Narcuren: 
mg kg generally produces first depression of twitch in approximately ft mnute, good or exc mubatan condi- 
tions within 2 5to 3 O minutes. and maximum neuromuscular blockade within 3 to 5 minutes at imection in most 
patients Under balanced anesthesia. the timeto recovery te 25%. of contro! (clinical duration iss approximately 25 
to 40 minutes after imecton and recovery is usualy 95% complete approximately 49-65 minutes after injection of 
iMtubating dose The neuromuscular blocking action of Norcuron* is slightly enhanced in the presence of potent 
inhalation anesthetics if Norcuron’ is first administered more than 5 minutes alter the start of the inhalation of 
entlurane. isotiurane, or halothane or wher Steady State has been achieved. the intubating dose of Narcuran’ 
{vecuronium Bromide far injection} may be decreased by approximately 15% (see Dosage and Adminstration Sec- 
ton) Pror admuustration of succinytchotine may enhance the neuromuscular blocking eftect of Norcuron® and 
ts Guration af action. With suconyichoiine as the intubating agent. imtal doses of 0 04-0 06 mg kg of Norcuron* 
will produce compiete neuromuscular block with cunieal duration of action of 25-30 minutes if succinyichaline 2s 
used prior to Norcuron*. the administration of Norcuren* should be delayed unti the patent starts recovering 
from succinyicholine-induced neuromuscular blockade. The effect of prior use of other nondepolanzing neuro- 
muscular biocking agents on the activity ot Norcuron* has not been studied {see Drug interachians) 


Repeated administration af maintenance doses of Norcuron* has hite or no cumulative effect on the duration of 
neuromuscular Diockade Therefore. repeat doses can be administered a relatively requiar intervals with predigt- 
able results After an initial dose of O 08 to 0.10 mg’kg under balanced anesthesia the first maintenance dose 
(suggested maintenance dose 1s 6 610 to 0.015 mg: kg) is Generally required within 25 to 40 munutes: subsequent 
maintenance doses. if required. may be adarnistered at approximately 12 to 15 munute intervsis Halothane anes- 
thesia increases the clinical duration of the masntenance dose only slightly Under enflurane a maintenance dose of 
0.010 mg kg 1s approximately equal to a Q O15 mg kg dose under balanced anesthesia. 


The recovery index (time from 25% to 75% recovery is approximately 15-25 minutes under aalanced or halothane 
anesthesia When recovery from Norcuren* neuromuscular blocking eflect begins, H proceeds mare rapidly than 
recovery from pancuronium Once ssontaneous recovery has started the neuromuscular block produced by Nor- 
curan” (vecuronium bromide tor injection) is readily reversed with varaus anticholinesterase agents eg pyr 
dostigmine. neostigmine. or edrophonium un COMUACHON wilh an anticnglinergic agent such as atropine of 
giycopyrrolate There have been no reports of fecurarization following saistactory reversal of Norcuron< induced 
neuromuscular blockade. rapid recovery 1s a finding consistent with its shor! elimination haif-ite 


Pharmacokinetics: At chmcal doses of G 04-0 10 mg kg. 60-80% of Narcuron® is usually bound to plasma pro- 
tein The distribution half-life following a single intravenous dose (range 0025-0 280 mg kgiis approximately 4 
minutes Eleminahon half-tite over this same dosage range 1s approximately 65-75 minutes in healthy Surgical 
patients and in fenai failure patients undergoing transplant Surgery in fate pregnancy. elimination naif-ise may de 
shortened to approximately 35-40 minutes. The volume ot GiStnDullon at steady state 1s approximately 300-400 
miko. systemic tate of clearance :s approximately 3-4 5 ml minute kg. In man, unne recovery of Norcuron* 
varies from 3-35% within 24 hours. Data derived from patents requiring insertion of a T-tube i the common bile 
duct suggests that 25-50% of a total intravenous dase af vecuronium may be excreted in ble wnis 42 hours Only 
unchanged Norcuron” has been detected in human plasma following chnical use. One metataute 3-deacety! 
vecuronium. Ras been recovered in the urine of some patients in quantities that account for up to 10% at the 
injected dose: 3-deacetyl vecuronium has also been recovered by T-tube in some patients accounting for up to 
25% of the injected dose. 


This metaboute has been judged by animal Screening (dogs and cats) to have 50% or more of the potency af Nor- 
CUFON” {vecuronium bromide for injection}. equipotent doses are of approximately the same duratian as Nor- 
curon” in dogs and cats Bilary excretion accounts for about neit of the dose of Norcuron® witen 7 nours in the 
anesthetized rat. Circulatory bypass of the liver icat preparation) prolongs recovery tram Norcuron> Limited data 
derived from the patients with cirrhosis ar cholestasis SUUgESIS Thal some Measurements of recovery may be 
doubled in such patients in pahents with renal failure, measurements of recovery do not ditet sujniticantly fram 
siMudt Measurements in healthy patients 


Studies involving routine hemodynamic Monitoring N good risk Surgical patients reveal that the administration of 
Norcuron* in doses up to three times that needed to produce chimeat relaxation i 15 mü kg! did sol produce cune 
tally significant changes in systolic. deastohe ar mean arterial pressure The heart rate, under simiar monitoring, 
remained unchanged in some studies and was lowered by a mean of up to 8% in other studies A large dase of O 28 
Mg kg administered during a penod of no stmelation, white patients were beng prepared for coronary artery 
bypass grafting. was not associated with alterations in fale: pressure product of pulmonary capii ry wedge pres- 
sure Systemic vascular resistance was lowered Shghtly and cardiac output was increased ir cantly (The 
drug has not been studied in patients with hemodynamic dysfunction secondary to cardiac valvula; disease } Liru- 
ted Clinica! expenence (3 patients) with use of Norcuron’ during surgery for pheochromocytoma ras shown that 
administration of this drug is not associated with changes in blood Gressure Gf heart rate. 


Unike other nondepolarizing skeletai muscie relaxants. Norcuran« (vecuronium Bromide for isectan) has ng 
ciimically significant effects on hemodynamic parameters and will not counteract those hemodynamic changes or 
known side effects produced by or associated with anesthetic agents 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients ndi 
Cate that hypersensitivity reactions such as bronchospasm, flushing. redness, hypotension. tachycardia. and 
other reactions commonly associated with histamine release are unlikely to accur 


INDICATIONS AND USAGE: Norcuron” is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscie relaxation dung surgery or mechanical ventilation 
CONTRAINDICATIONS: None known. 


WARNINGS: NORCURON* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION OXYGEN THERAPY. AND REVERSAL AGENTS 
ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION in 
patients who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert} syndrome smali doses at 
Norcuron * may have profound effects in such patients. a peripheral nerve stimulator and use of a small test dose 
may be of value in monitoring the response to administration of muscle relaxants 

PRECAUTIONS: - ~ 

Renal Failure: Norcuran* (vecuronium bromide for injection} is well-tolerated without clinically significant pro- 
rongatien of neuromuscular blocking eftect in patients with renal failure who have been Optimally Prepared tor sur- 
gery by dialysis Under emergency conditons in anephnc patients some proiongahos of meuromusculat Mockade 
May occur: therefore. of anephric patients cannot be prepared for non-glective surgery a lower initial dase af Nor 
CurOR* should be considered 


Altered Circulation Time: Conditions associated with Sidwet circulation ime cn cardiovascular disease old age ar 
edematous states resulting in increased volume of distribution May Contribute to 3 delay in onset ime therefore 
Gosage should not be increased. 


Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery 
ume in keeping with the role the liver plays in recovery from Norcuron * metabolism and excretion isee Pharmaco. 
kinetics} Data currently available do rat permit dosage recommendations in patients wilh impaired iver function 
“UNDER THE ABOVE CONDITIONS. USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING 
OF NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTENT EXCESS DOSING. 

, * 
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Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease May pose af 


way andor ventilatory problems requiring Special care before, during and after the use of neuromuscular biockie 
agents suchas Norcuron? (vecuronium bromide for imMechon). 


Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering 
potentially fatal hypermetabalism of skeletal muscie known as malignant hyperthermia. There are MSutficient dal 


derived from screening in susceptibie animals {swine} to establish whether or not Norcuron® is Capable ot trig 
gening maignant hyperthermia. 


Norcuron* has no known effect on consciousness. the pain threshold or cerebration Administration must d 
accompanied by adequate anesthesia. 


Drug interactions: Prior administration of Succinyicholine may enhance the seuromuscular blocking effect of Nor 
culo’ and ts duration ef action. H Succinyicholine is used before Norcuron®. the administration of Norcurar, 
should be delayed unti the succinyicholine effect shows Sighs of wearing off. With succinyicholine as the intube? 
ing agent. intial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce complete neuromusc-j 
‘ar block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY). 


ne use of Norcuron* (vecuronium bromide for injection) before succinylcholine. in order to attenuate some of tt 
Side effects of succinyichoiine. has not been sufficiently studied. Other nondepolanzing neuromuscular blockin, 
agents (pancuronum. d-tubocurarine. metocurine, and galiamine) act in the same fashion as does Norcuron 
inerefare these drugs and Norcuron® may manifest an additive effect when used together. There are insufficie | 
data to support concomitant use of Norcuron® and ather competitive muscie relaxants in the same patient 


inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane. iSOflurane, and halothane wi 


arron" wii enhance neuromuscular blockade. Potentiation is Most prominent with use of enfiurane am 
oflurane, 


With the above agents the initial dose of Norcuron* may be the same as with balanced anesthesia unless the ihe 
ational anesthetic has been administered far a sufficient lime at a sufficient dose to have reached clinical egui 
brium {see CLINICAL PHARMACOLOGY). 


Antibiotics: Parenterai-intraperitoneal administration of high doses of certain antibiotics May mlensify of product 
a Neuromuscular block on their own. The tollowing antibotics have been associated with various degrees of paral- 
yss aminoglycosides (such as neomycin, Streptomycin, kanamycin. gentamicin, and dihydrostreptomycin} 
tetracyclines, bacitracin. polymyxin B; calistin: and sodium colstimethate. If these or other newly introduced anti 
Wones are used in conjunction with Norcuron* {vecuronium bromide for injection) during surgery. unexpecter 
prolongation of neuromuscular block should be considered a possibility. 


Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests 
that recurrent paralysis may occur This possibility must alsa be considered for Norcuron®. Norcuron® inducer 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animais 
ical) Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insuti 
ciency, have been shown to alter neuromuscular blockade Depending on the nature of the imbalance, ethe 
enhancement or iniuditian may be expected. Magnesium salts. administered for the management of toxemia o 
pregnancy. May enhance neuromuscular blockade 


Orug-jaboratory test interactions: None known. 
Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animais have not been performed tc 
evaluate carcinogenic or mutagenic potential or impairment of fertility 


Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron’ itt: 
also not known whether Norcuran* can cause fetai harm when administered tg a pregnant woman or can altec 
reproduction Capacity Norcuron* should be given to a pregnant woman only t clearly needed. 


Pediatric Use: infants under } year of age but older than 7 weeks. also tested under halothane anesthesia, are 


moderately more sensitive to Norcuron * {vecuronium bromide for injection} on a mg-kg basis than adults and take 


adaut 112 times as long to recover information presently available does not permit recommendations for usage if 
HeaNstes 


ADVERSE REACTIONS: Norcuroa® was well-tolerated and produced no adverse reactions during extensive clinica! 
tnais. The most frequent adverse reaction to nondepolanzing blocking agents as a class consists of an extension gt 
the drug s pharmacological action beyond the time period needed for Surgery and anesthesia. This may vary tron: 
Skeletal muscle weakness to profound and prolonged skeletal muscie Paralysis resulting in respiratory insufty- 
ciency Of apnea. 


inadequate reversal of the neuromuscular blockade. although not yet reported. is possible with Norcuron* as with 
ai Cutanform drugs. These adverse reactions are managed by manual or mechanical ventilation unti recovery s 
judged adequate Littie or no increase in intensity of biockade or duration of action of Norcuron * is noted trom the 
use of tobarbiturates. narcohe analgesics, nitrous oxide. or droperidol. See OVERDOSAGE for discussion of 
ather drugs used in anesthetic practice which also cause respiratory depression 


OVERDOSAGE: There has been no experience with Norcuron* overdosage. The possibilty of iatrogenic overdo- 
Sage can be minimized by caretulty monitoring muscie twitch response to peripherai nerve simulation. Excessive 
doses of Norcuron* (vecuronium bromide for injection) can be expected to produce enhanced pharmacological 
elects Residual neuromuscular blockade beyond the time penod needed for surgery and anesthesia may occur 
with Norcuroa* as with other neuromuscular blockers. This may De manifested by skeletal muscle weakness. 
decreased respiratory reserve. tow tidal volume, or apnea A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade and help to differentiate residual neuromuscular blockade from other 
Causes al decreased respiratory reserve. Respiratory depression may be due either wholly of in part to other drugs 
used during the conduct of generai anesthesia such as narcotics. thioharbiturates and other central nervous sys- 
tem depressants. Under such circumstances the primary treatment is maintenance at a patent airway and manual 
oF mechanical ventilation unt! complete recovery of narmal respiration is assured Regonal* (parea aming 
bromde nection). neostigmine. or edrophonium, in conjunction with atropine or glycopyrrolate will usually anta- 
gomze the skeletal muscle relaxant action of Norcuron +. Satisfactory reversal can be sudged by adequacy of skele- 
tai Muscle tone ang by adequacy of respiration. A peripheral nerve stimulator may also be used to monitor 
restoration of twitch height Failure of prompt reversal (within 30 Minutes) May occur in the presence of extreme 
deuintatan, carcinomatosis. and with concomitant use of certain broad Spectrum antibiotics. or anesthetic agents 
and oiher drugs which enhance neuromuscular blockade or cause respiratory depression of thet own. Under such 
circumstances the management is the same as that of prolonged neuromuscular blackade Ventdation must be 
Supported dy artificial means until the patent has resumed contro! ot his respiration Prior to the use of reversa! 
agents, reference shouid be made to the specitic package insert of the reversal agent, 


DOSAGE AND ADMINISTRATION: Norcuran® (vecuronium bromide for injection) is for intravenous use only. This 
drug shouid be administered by or unger the Supervision Of experienced Clinicians familiar with the use of neuro- 
muscular Diocking agents Dosage must be individualized sn each case. The dosage information which follows is 
derved from studies based upon units of drug per unit of body weight and is intended to serve as a guide only. 
especially regarding enhancement of neuromuscular blockade of Norcuron? by volatile anesthetics and by prior 
use Of Succinylcholine (see PRECAUTIONS. Drug Interactions} Parenteral drug products should be inspected 
viSuaily tor particulate matter and discoloration prior ta administration, whenever Soiution and container permit. 


To abtan the Maximum clinwal benefits of Norcuron® and to minimize the possibisty af overdosage. the mori- 
toring of muscie twitch response to peripheral nerve stimulation is advised. 


The recommended initia! dose of Norcuron¢ is 0.08 to 0.10 mgkg (1.4 to 1.75 times the EDan) given as an intra- 
venous bolus injection This dose can be expected to produce good or excellent non-emergency intubation condi- 
buns m2 5 te 3 0 minutes after injection. Under balanced anesthesia. Clinically required neuromuscular blockade 
lasts approximately 25-90 minutes. with recovery to 25% of contro! achieved approximately 25 to 40 minutes after 
myection and recovery to 95% of contro! achieved approximately 45-65 minutes after nection. in the presence af 
potent inhalation anesthetics, the neuromuscular blocking effect of Norcuron® (vecuromum bromide for injection) 
iS enhanced. if Norcuron* 1s first administered more than 5 minutes after the start of inhalation agent or when 
Steady State has been achieved. the initial Norcuron® dose may be reduced by approximately 15%. te., 6.060 to 
G 085 mg kg 


Prot administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron*. If intubation is performed using succinyicholine, a reduction ot milal dose Of Norcuron® to 0.04-0.06 
mg kg with inhalation anesthesia and 0.05-0 06 mg’kg with balanced anesthesia may be required. 


Durng proionged surgical procedures. maintenance doses of 0.010 to 0.015 mg-ko of Narcuron* are recom- 
mended. alter the inihal Norcuron* imjection. the first maintenance dose wili generaily be required within 25 to 40 
minutes However, clinical criteria should be used to determine the need tor maintenance doses Since Norcuron* 
lacks Cimicatly important cumulative effects. Subsequent maintenance doses, H required. may be administered at 
resatively regular intervals tor each patient. ran ing approximately from 12 to 15 minutes under balanced anesthe- 
Sid. SughHy longer under uihaiation agents. (if less frequent administration is desired. higher maintenance doses 
may be administered } 


Should there be reason for the selection of larger doses in individual patients. initial doses ranging fram Q 15 mg 
kg up to 0 28 mg kg have been administered during surgery under halothane anesthesia without iii effects to the 
cardiovascular system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACO- 
LOGY} 
Dosage in children: Cider chidren (10 10 17 years of age) have approximately the same dosage requirements (mg: 
kgi as adults and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly 
higher initial dose and may also require supplementation slightly more often than aduits Infants under one year of 
age Dut older than 7 weeks are moderately more sensitive to Norcuron® (vecuronium bromide for imection} an a 
mg kg basis than adults and take about 112 times as long to recover See aiso sub-section of PRECAUTIONS titled 
Pediatric use information presently available does not permit recommendation On usage ia neonates (see PRE- 
CAUTIONS} 
COMPATIBILITY: Noscuran? is compatible in solution with 

0 9% NaCi solution 5% glucose in saline 

S% glucose 1) water Lactated Ringers 
HOW SUPPLIED: 5 mi vials (contains 10 mg of active ingredient} and 5 mi ampui of preservative-tree sterile water 
for injection as the dduent. Boxes of 12 NDC 0052-0449-10 


STORAGE: PROTECT FROM LIGHT Store at 15°-30°C (59°-86°F} 


AFTER RECONSTITUTION: Soiution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
(86 F} DISCARD SOLUTION AFTER 24 HOURS DISCARD UNUSED PORTION 


SINGLE USE VIALS — Manufactured tor ORGANON INC. By BEN VENUE LABORATORIES INC . Bedford. Ohio 44146 


ORGANON PHARMACEUTICALS, a Division of 
Organon inc West Qraane N oi A7NK2 
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As safe _ 

as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). +? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 
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systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.° 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.° 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,'* and hemorrhagic, traumatic, 
or septic shock.*’ 
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No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter. >” 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients+>/ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 


Phone 1-800-323-4980. 
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American Hospital Supply Corporation 


Lifesaving, 
moneysaving 








Please see references and brief summary of 
prescribing information on following page. . « 
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HESPAN thetastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 

CONTRAINDICATIONS 

Hetastarch i$ contraindicated in patients with severe 
bleeding disorders of with severe congestive cardiac and 
renal fature with oliguria or anuria. 

WARNINGS 

Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient prolon- 
gation of prothrombin, partial thrombopiastin and clotting 
times. With admunistration of large doses. the physician 
shouid also be alert to the possibility of transient prolonga- 
tion of bleeding time. 

Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch. 

Usage in Leukapheresis: Significant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated leukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values. 

Uisage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregnancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

Usage in Children: No data available pertaining to use in 
children. 

The safety and compatibility of additives have not been 
established. 

PRECAUTIONS 

The possibility of curcuiatory overload should be kept in 
mind. Special care should be exercised in patients who 
Rave impaired renal clearance since this is the principal 
way in which hetastarch ts eliminated. Caution should be 
used when the nsk of pulmonary edema and/or congestive 
heart failure is increased. indirect bilirubin levels of 

0.83 mg% {normal 0.0-0.7 mga] have been reported in 

2 out of 20 norma! subjects who received multiple heta- 
Starch infusions. Total bilirubin was within normal limits at 
all umes; indirect bilirubin returned to norma! by 96 hours 
following the final infusion. The significance, if any, of these 
elevations is not known: however, caution should be 
observed before adrrinistering hetastarch to patients with 
a history of liver disease. 

Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
hefastarch use during leukapheresis. Studies should 
include CBC, total leukocyte and platelet counts, leukocyte 
differential count, hemoglobin, hematocrit, prothrombin 
time {PT}, and partial thromboplastin time (PTT). 
Hetastarch is nonantigemc. However, allergic or sensitivity 
reactions have been reported {see ADVERSE REACTIONS). 
f such reactions occur, they are readily controlied by dis- 
continuation of the drug and, if necessary, administration of 
an antihistaminice agent. 

ADVERSE REACTIONS 

The following have been reported: vomiting, mid tempera- 
ture elevation, chills, itching, submaxilary and parotid glan- 
dular enlargement, miid influenza-like symptoms, head- 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting of peri- 
orbital edema, urticaria, and wheezing. 

HOW SUPPLIED 

NDC 0094-0037-05-Hespan’ (6% Hetastarch in 0.9% 
Sodium Chiorde Injection) is supplied sterile and nonpyro- 
genic in 500 mi intravenous infusion bottles. 


CAUTION 
Federal (U.S.A law prohibits dispensing without pre- 
senplion. Rev: Feb., 1982 


Distributed by 
oe American Critical Care 


@Seee.: American Hospital Supply Corporation 
eae McGaw Park, iL USA 60085 
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A Valuable Source of Information 
on Diagnostic Imaging: 


Cr: 


THE JOURNAL OF 


COMPUTED 
TOMOGRAPHY 


Editor-in-Chief: Franklin L. Angell, M.D., 
Chairman, Department of Radiology, Mercy 
Hospital, Baltimore, Maryland 





A quarterly publication, CT: The Journal of 
Computed Tomography highlights advances 
in the clinical application of imaging modalities. 
Articles by leading radiologists compare the cost- 
effectiveness, diagnostic yield, and appropriate- 
ness of the various imaging techniques (plain film, 
ultrasound, nuclear medicine, NMR, and angio- 
graphy) to diagnose disease in the head and body. 
Issues include 

è case reports 

e book reviews 

e abstracts from the literature 

e meeting and conference announcements. 


CT is an important news source and essential 
reading for physicians who use diagnostic 
imaging. 

1985 Subscription Information 

Volume 9 (4 issues ) 

Institutional Rate: 3104.00 Personal Rate $52.00 

For air delivery in the U.S.A., Canada, or Mexico, add 
$12.00. Subscribers outside the U.S.A. should add $9.00 for 
surface delivery (not available to Europe ), $10.00 for sur- 
face air lift delivery to Europe: or $26.00 for air delivery to 
the rest of the world. Subscribers in Japan must add $14.50 
for delivery (via surface air lift only ). 

For a free sample copy, send to: 

in North and South America: 

Elsevier Science Publishing Co., Inc. 

P.O. Box 1663 

Grand Central Station 

New York, NY 10163 

in the rest of the world: 

Elsevier Science Publishers 

Direct Mail Department 

P.O. Box 211 

1000 AE Amsterdam 

The Netherlands 

Note: All subscription orders should be sent 
either to your usual supplicr or to the New 
York address. 


ELSEVIER 


All subscriptions begin with the first issue of the calendar 
year. Personal subscriptions must be prepaid. Subscrip- 
tion rates valid through December 31, 1984. 
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A hypotensive agent for craniotomy and clipping of aneurysms 


Isoflurane may be used as both anesthetic 
and hypotensive agent, providing for pre- 
cise control of blood pressure throughout 
procedures such as clipping of cerebral 
aneurysms. ! 


0.5% 4% 2% 


[ 200 mm Hg 


0.25% 0.5% 


Ce 


Plood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean ae during the 


normotensive period was 70 mm Hg and 4 


hypotensive phase.! 


mm Hg during the 





Control of intracranial pressure for craniotomy 


and excision of space-occupying lesion 


Isoflurane causes no increase in intracranial pressure (ICP) when 
PaCoO, is controlled at 25-30 torr, and ICP may be readily lowered 


during surgery by decreasing PaCO,.? 





Control of hypertension during 
coronary artery bypass surgery 


Control of intraoperative hypertension may 
be achieved with isoflurane by lowering 
peripheral vascular resistance (left ventric- 
ular afterload) generally without depress- 
ing stroke volume or increasing heart rate. 
These effects can be of particular benefit in 
patients with compromised left ventricular 
function. Halothane is equally effective in 
lowering blood pressure without increasing 
heart rate, but it decreases stroke volume. 


Treatment of hypertension with either isoflurane or halothane 
anesthesia in patients undergoing coronary artery bypass surgery 


(Adapted from Hess et al’). 
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Potentiation of relaxants for orthopedic surgery 


With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 


a 


Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.’’6 


a cee 


A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 
“Isoflurane is eliminated more rapidly 


than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 

anesthetic.’’” (Blood-gas partition coef- 

ficient, only 1.4) Group No. of Patients No. of Patients 
l l l l , with N or N&V 

Anesthesia using isoflurane in a mixture fentanyl, N,O, O, 37 23 (62%)* 

of oxygen and air produced a significantly tee 

lower incidence of nausea and vomiting fentanyl, O, 20 6 (30%) 


following outpatient laparoscopy than 


A i : isoflurane, O 20 5 (25% 
anesthesia that included nitrous oxide .8 2 (25%) 





Adapted from Alexander et al® *p<0.05 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION: FORANE (isoflurane) is a nonflammable general inhalation anesthetic agent. 
It is 1-chloro-2,2,2-trifluoroethyl difluoromethy] ether, and its structural formula is: 
it 
| 
F— T —C —0—C—H 
| | 
Some physical constants are: Eo p j 
Molecular weight 1845 


Boiling point 760 mm Hg. 48.5°C (Uncorr.) 
Refractive index n? 1.2990—1.3005 


Specific gravity 25°/25°C 1.496 

Vapor pressure in mm Hg .** 20°C 238 
25°C 295 
30°C 367 
35°C 450 

** Equation for vapor pressure calculation 
logioPvap = A + 2 where: A = 8.056 
T B = -1664.58 


PN P °C + 273.16 (Kelvin) 
Partition coefficients @ 37°C 


Water/gas 0.61 
Blood/gas/gas 1.43 
Oil/gas 90.8 
Partition coefficients @ 25°C—rubber and plastic 
Conductive rubber/gas 62.0 
Butyl rubber/gas 75.0 
Polyvinylchloride/gas 110.0 
Polyethylene/gas ~2.0 
Polyurethane/gas ~14 
Polyolefin/gas ~1.1 
Butyl acetate/gas =2:5 
Purity by gas chromatography >99 9% 


Lower limit of flammability in oxygen 
or nitrous oxide at 9 joules/sec 
and 23°C None 
Lower limit of flammability in oxygen 
or nitorus oxide at 900 joules/sec Greater than useful concen- 
and 23°C tration in anesthesia. 


Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers. 
Isoflurane has a mildly pungent, musty, ethereal odor Samples stored in indirect sunlight in 
clear, colorless glass for five years, as well as samples directly exposed for 30 hours toa 2 amp, 
115 volt, 60 cycle long wave U V. light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal sodium methoxide-methanol solution, a strong base, 
for over six months consumed essentially no alkali, indicative of strong base stability. Isoflurane 
does not decompose in the presence of soda lime, and does not attack aluminum, tin, brass, 
iron or copper. 


CLINICAL PHARMACOLOGY: FORANE (isoflurane) is an inhalation anaesthetic. The M.A.C 
(minimum alveolar concentration) in man is as follows: 


_ Age 100% Oxygen 70% NO 
26+4 1.28 0.56 
44+7 1.15 0.50 
64+5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild pungency 
which limits the rate of induction, although excessive salivation of tracheobronchial secretions 
do not appear to be stimulated. Pharyngeal and laryngeal reflexes are readily obtunded. 
The level of anesthesia may be changed rapidly with isoflurane. Isoflurane is a profound 
respiratory depressant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED 
WHEN NECESSARY. As anesthetic dose is increased, tidal volume decreases and respiratory 
rate is unchanged. This depression is partially reversed by surgical stimulation, even at deeper 
levels of anesthesia. Isoflurane evokes a sigh response reminiscent of that seen with diethyl 
ether and enflurane, although the frequency is less than with enflurane 


Blood pressure decreases with induction of anesthesia but returns toward normal with surgical 
stimulation. Progressive increases in depth of anesthesia produce corresponding decreases in 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane required to 
reach a desired level of anesthesia and may reduce the arterial hypotension seen with isoflurane 
alone. Heart rhythm is remarkably stable. With controlled ventilation and normal PaCO,, 
cardiac output is maintained despite increasing depth of anesthesia primarily through an 
increase in heart rate which compensates for a reduction in stroke volume. The hypercapnia 
which attends spontaneous ventilation during isoflurane anesthesia further increases heart 
rate and raises cardiac output above awake levels. Isoflurane does not sensitize the myocardium 
to exogenously administerd epinephrine in the dog. Limited data indicate that subcutaneous 
injection of 0.25 mg of epinephrine (50 ml of 1:200,000 solution) does not produce an increase in 
ventricular arrhythmias in patients anesthetized with isoflurane 


Muscle relaxation is often adequate for intra-abdominal operations at normal levels of 
anesthesia. Complete muscle paralysis can be attained with small doses of muscle relaxants 
ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH 
ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE 
Neostigmine reverses the effect of nondepolarizing muscle relaxants in the presence of isoflurane 
All commonly used muscle relaxants are compatible with isoflurane 


Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man. In the postanesthesia 
period, only 0.17% of the isoflurane taken up can be recovered as urinary metabolites 


INDICATIONS AND USAGE: FORANE (isoflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia. 


CONTRAINDICATIONS: Known senitivity to FORANE (isoflurane) or other halogenated agents 
Known or suspected genetic susceptibility to malignant hyperthermia 


WARNINGS: Since levels of anesthesia may be altered easily and rapidly, only vaporizers 
producing predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened 


Increased blood loss comparable to that seen with halothane has been observed in patients 
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undergoing abortions. 

FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesia 
There may be a transient rise in cerebral spinal fluid pressure which is fully reversible with 
hyperventilation 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) should 
only be administered in an adequately equipped anesthetizing enivronment by those who are 


familiar with the pharmacology of the drug and qualified by training and experience to manage 
the anesthetized patient 


Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight 
decrease in intellectual function for 2 or 3 days following anesthesia. As with other anesthetics, 
small changes in moods and symptoms may persist for up to 6 days after administration. 


Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinine 
with decrease in BUN, serum cholesterol and alkaline phosphatase have been observed 


Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, 
most notably nondepolarizing muscle relaxants, and M.A.C. (minimum alveolar concentration) 
is reduced by concomitant administration of N,O. See Clinical Pharmacology. 


Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposure 
might induce neoplasia. Isoflurane was given at '/, '%. and ¥,, M.A.C. for four in-utero exposures 
and for 24 exposures to the pups during the first nine weeks of life. The mice were killed at 
15 months of age. The incidence of tumors in these mice was the same as in untreated control 
mice which were given the same background gases, but not the anesthetic 


Pregnancy Category C: Isoflurane has been shown to have possible anesthetic-related fetotoxic 
effect in mice when given in doses 6 times the human dose There are no adequate and well- 
controlled studies in pregnant women. Isoflurane should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when isoflurane is administered 
to a nursing woman. 


Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may trigger a 
skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome 
known as malignant hyperthermia. The syndrome includes nonspecific features such as muscle 
rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure (It should 
also be noted that many of these nonspecific signs may appear with light anesthesia, acute 
hypoxia, etc.) An increase in overall metabolism may be reflected in an elevated temperature 
(which may rise rapidly early or late in the case, but usually is not the first sign of augmented 
metabolism) and an increased usage of the CO, absorption system (hot canister). PaO, and 
pH may decrease, and hyperkalemia and a base deficit may appear. Treatment includes 
discontinuance of triggering agents (e.g., isoflurane), administration of intravenous dantrolene, 
and application of supportive therapy. Such therapy includes vigorous efforts to restore body 
temperature to normal, respiratory and circulatory support as indicated, and management of 
electrolyte-fluid-acid-base derangements (Consult prescribing information for dantrolene sodium 
intravenous for additional information on patient management.) Renal failure may appear later, 
and urine flow should be sustained if possible 


ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
(isoflurane) are in general dose dependent extensions of pharmacophysiologic effects and 
include respiratory depression, hypotension and arrhythmias. 


Shivering, nausea, vomiting, and ileus have been observed in the postoperative period 


As with all other general anesthetics, transient elevations in white blood count have been 
observed even in the absence of surgical stress 


See PRECAUTIONS for information regarding malignant hyperthermia 


OVERDOSAGE: In the event of overdosage, or what may appear to be overdosage, the following 
action should be taken 


Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
witn pure oxygen 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient, taking into account that secretions are weakly stimulated 
by FORANE (isoflurane) and the heart rate tends to be increased. The use of anticholinergic 
drugs is a matter of choice 


Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplished by using 
a) vaporizers calibrated specifically for isoflurane; 
b) vaporizers from which delivered flows can be calculated, such as vaporizers delivering a 
saturated vapor which is then diluted. The delivered concentration from such a vaporizer 
may be calculated using the formula 


100 PyFy 
F+(Pa-Py) 
where P,= Pressure of atmosphere 
Py= Vapor pressure of isoflurane 


Fy= Flow of gas through vaporizer (ml) 
F-= Total gas flow (ml) 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation of these 
vaporizers 


% isoflurane = 


Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous oxide 
mixtures may produce coughing, breath holding, or laryngospasm. These difficulties may be 
avoided by the use of a hypnotic dose of an ultra-short-acting barbituate. Inspired concentrations 
of 1.5 to 3% isoflurane usually produce surgical anesthesia in 7 to 10 minutes 

Maintenance: Surgical levels of anesthesia my be sustained with a 1.0-2.5% concentration 
when nitrous oxide is used concomitantly. An additional 0.5% to 1.0% may be required when 
isoflurane is given using oxygen alone If added relaxation is required, supplemental doses of 
muscle relaxants may be used 


The level of blood pressure during maintenance Is an inverse function of isoflurane concentration 
in the absence of other complicating problems. Excessive decreases may be due to depth of 
anesthesia and in such instances may be corrected by lightening anesthesia 


HOW SUPPLIED: FORANE (isoflurane), NDC 10019-360-40, is packaged in 100 ml amber-colored 
bottles 


Storage: Store at room temperature Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods in excess of five years 
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The portable LS-7 offers 
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Setting the standard 
in hypoxemia monitoring. 


The Nelicor: 
N-100 pulse oximeter. 


Now, for 
patient safety 
in all cases... 
all the time. 
Leading clinicians 
in major medical 
centers use the 
Nellcor N-100 
pulse oximeter. 
Over thirty-five 
published papers” 
document the 
need for this monitor. 

By continuously monitoring 
arterial oxygen levels, the Nellcor 
N-100 can detect patient hypox- 
emia before it results in adverse 
outcome. 

With each heartbeat, there is 
real-time, non-invasive measure- 
ment of arterial oxygen saturation, 
pulse rate, and pulse amplitude... 

Information that is critical to 
your patient's well-being. 
Variable beep plus 
an alarm system for early 
warning and instant detection. 


The unique variable beep warns 
instantly if the patient's oxygen level 
changes. So corrective action can 
be taken immediately...before 
complications develop. 

Plus, audible and visual alarms 
alert if saturation or pulse rate fall 
outside preset limits. 

An unprecedented safety net. 











A complete 
family of 
sensors for 

a wide range 
of non-invasive 
oxygen mon- 
itoring needs. 


You can choose 
sensors in differ- 
ent sizes and 
configurations to 
monitor all 
patients — from 
neonates to adults. 

Even in difficult cases such as 
low peripheral perfusion, active 
patients, and long-term care. 


Easy to use. 


Apply the sensor, switch on the 
monitor, and read the results. 

There's no site preparation, 
no heater, and no need to move 
the sensor frequently. 


For more information, write or call 
Nellcor toll-free at 800 433-1244. 
(In California, 800 351-9754) 

The Nellcor N-100 pulse 
oximeter. Setting the standard in 
hypoxemia monitoring. 


NELLCOR” 


Nellcor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415 887-5858 

Telex 172 428 


“Bibliography on file at Nellcor Incorporated. 


Nellcor is a registered trademark of Nellcor 
Incorporated. 


1974: 


Double-blind study of 41 patients undergoing 
hysterectomy. Twenty-one patients received 5 mg 
INAPSINE shortly after surgery began, while 20 
patients received placebo. Postoperative emesis 
was rated according to an emetic scoring system. 
Patients receiving INAPSINE had significantly less 
frequent and less severe nausea, retching and 
vomiting during the first 12 postoperative hours. 


INAPSINE vs placebo: mean total emetic scores. The lower 
the score, the fewer and less severe the incidents of eme- 
sis. (Adapted from Patton CM Jr, Moon MR, Dannemiller FJ‘) 


1984: 





Double-blind comparison of INAPSINE 5 mg, 
INAPSINE 2.5 mg and hydroxyzine 50 mg, com- 
bined with meperidine or morphine and glycopyr- 
rolate, as premedication in 74 women undergoing 
major elective gynecologic surgery. Significantly 
fewer of the patients receiving INAPSINE experi- 
enced postoperative nausea/vomiting than those 
receiving hydroxyzine (p < 0.05). 


Percentage of patients experiencing postoperative nausea/ 
vomiting according to premedication (p < 0.05). (Based on 
Mehta P Theriot E, Mehrotra D, et al2) 


Mean Emetic Score 


(®©) 


Sefore prescribing please consult complete prescribing information, 
if which the following is a brief summary. 
*rotect from light. Store at room temperature. 
‘OR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
)roperidol is a neuroleptic (tranquil:zer) agent 
MESCRIPTION: 2 m/. and 5 ml. ampoules: Each mi. contains 
Yroperidol 2.5 mg. and lactic acid for pH adjustment to 34 +04 
0 mi. Vials: Each mi. contains Droperidol 2.5 mg. with 18 mg 
ethylparaben and 0.2 mg. propylparaben, and lactic acid for 
adjustment to 34 +04 
DICATIONS: INAPSINE (droperidol) is indicated: * to produce 
"anquilization and to reduce the incidence of nausea and vomiting 
1 Surgical and diagnostic procedures; * for premedication, induc- 
ñon, and as an adjunct in the maintenance of general and regional 
mnesthesia: * in neuroleptanalgesia in which INAPSINE (droperidol) 
s given concurrently with a narcotic analgesic, such as SUBLIMAZE* 
entanyl) injection, to aid in producing tranquility and decreasing 
nxiety and pain. 
SONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 
1 patients with known intolerance to the drug. 
"WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE 
as with other CNS depressant drugs, patients who have received 
4APSINE (droperidol) should have appropriate surveillance. 
lf INAPSINE (droperidol) is administered with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), the user should familiarize himself 
with the special properties of each drug, particularly the widely 
waffering durations of action. In addition, when such a combination 
, used, resuscitative equipment and a narcotic antagonist should 
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be readily available to manage apnea. See package insert for fen- 
tanyl before using. Narcotic analgesics such as SUBLIMAZE (fen- 
tanyl) may cause muscle rigidity, particularly involving the muscles 
of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection 
Once this effect occurs, it is managed by the use of assisted or 
controlled respiration and. if necessary, by a neuromuscular block- 
ing agent compatible with the patient's condition 

The respiratory depressant effect of narcotics persists longer 
than their measured analgesic effect. When used with INAPSINE 
(droperidol), the total dose of all narcotic analgesics administered 
should be considered by the practitioner before ordering narcotic 
analgesics during recovery from anesthesia. It is recommended 
that narcotics, when required. be used initially in reduced doses as 
low as a to 1⁄3 those usually recommended. 
PRECAUTIONS: The initia! dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly, debilitated and other poor-risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. Certain forms of conduction anes- 
thesia, such as spinal anesthesia and some peridural anesthetics. 
Can cause peripheral vasodilatation and hypotension because of 
sympathetic blockade. Through other mechanisms. INAPSINE 
(droperidol) can also alter circulation. Therefore, when INAPSINE 
(droperidol) is used to supplement these forms of anesthesia, the 
anesthetist should be familiar with thesphysiological alterations 
involved, and be prepared to manage them in the patients selected 
for this form of anesthesia 

lf hypotension occurs, the possibility of hypovolemia should be 
considered and managed with appropriate parenteral fluid therapy. 
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Repositioning the patient to improve venous return to the heart 
should also be considered when operative conditions permit. It 
should be noted that in spinal and peridural anesthesia. tilting the 
patient into a head down position may result in a higher level of 
anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension. If 
volume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor agents 
other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with 
INAPSINE (droperidol) due to the alpha-adrenergic blocking action 
of droperidol g 

Since INAPSINE (droperidol) may decrease pulmonary arterial 
pressure, this fact should be considered by those who conduct 
diagnostic or surgical procedures where interpretation of pulmo- 
nary arterial pressure measurements might determine final man- 
agement of the patient. Vital signs should be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) have additive or potentiating 
effect with INAPSINE (droperidol). When patients have received 
such drugs, the dose of INAPSINE (droperidol) required will be less 
than usual. Likewise, following the administration of INAPSINE 
(droperidol), the dose of other CNS depressant drugs should be 
reduced 

INAPSINE (droperidol) should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

When the EEG ts used for postoperative monitoring, it may be 
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Early Prophylaxis for 


Postoperative Inap Sin e 


droperidol) Injection 


and Vomiting 
The Premedication That Does More Than Premedicate 


References: 


@ Patton CM Jr, Moon MR, Dannemiller FJ: The prophylactic 
antiemetic effect of droperidol. Anesth Analg 1974;53:361-364. 


D Mehta P, Theriot E, Mehrotra D, et al: Comparative evaluation 


found that the EEG pattern returns to normal slowly 

Since INAPSINE (droperidol) is frequently used with the narcotic 
analgesic SUBLIMAZE (fentanyl), it should be noted that fentanyl 
may produce bradycardia, which may be treated with atropine; 
however, fentany! should be used with caution in patients with 
cardiac bradyarrhythmias. (See full prescribing information for 
complete description.) 

ADVERSE REACTION: The most common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to moderate 
hypotension and occasionally tachycardia, but these effects usually 
subside without treatment. If hypotension occurs and is severe or 
persists, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy. Postoperative 
drowsiness is also frequently reported. 

Extrapyramidal symptoms (dystonia, akathisia. and oculogyric 
Crisis) have been observed following administration of INAPSINE 
(droperidol). Restlessness. hyperactivity, and anxiety which can be 
either the result of inadequate dosage of INAPSINE (droperidol) or 
a part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur, they can usually be controlled 
with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness. 
chills and/or shivering, laryngospasm. bronchospasm and post- 
operative hallucinatory episodes (sometimes associated with 
transient periods of mental depression). 

When INAPSINE (droperidol) is used with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), respiratory depression, apnea, and 
muscular rigidity can occur; if these remain untreated, respiratory 
arrest could occur. 


of preanesthetic medications. Cur Ther Res 1984:35:715-720. 


Elevated blood pressure, with or without pre-existing hyperten- 
sion. has been reported following administration of INAPSINE 
(droperidol) combined with SUBLIMAZE (fentanyl) or other paren- 
teral analgesics. This might be due to unexplained alterations in 
sympathetic activity following large doses: however, it is also fre- 
quently attributed to anesthetic or surgical stimulation during light 
anesthesia. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized 
Some of the factors to be considered in determining the dose are 
age. body weight. physical status, underlying pathological condi- 
tion, use of other drugs. type of anesthesia to be used. and the 
surgical procedure involved 

Vital signs should be monitored routinely 
Usual Adult Dosage 
| Premedication—(to be appropriately modified in the elderly, 

debilitated, and those who have received other depressant 

drugs) 2.5 to 10 mg. (1 to 4 ml.) may be administered intra- 
muscularly 30 to 60 minutes preoperatively 
Il. Adjunct to General Anesthesia 

Induction—2.5 mg. (1 ml.) per 20 to 25 pounds may be adminis- 

tered (usually intravenously) along with an analgesic and/or 

general anesthetic. Smaller doses may be adequate. The total 
amount of INAPSINE (droperidol) administered should be titrated 
to obtain the desired effect based on the individual patient's 
response. 

Maintenance—1.25 to 2.5 mg. (0.5 to 1 ml.) usually intravenously 

(see warning regarding use with concomitant narcotic analgesic 

medication and the possibility of widely differing durations of 

action) 





If INNOVAR® injection is administered in addition to INAPSII 
(droperidol), the calculation of the recommended dose of 
INAPSINE (droperidol) should include the droperidol containec 
in the INNOVAR injection. See INNOVAR injection Package Inst 
for full prescribing information 
Use Without A General Anesthetic In Diagnostic Procedures- 
Administer the usual I.M. premedication 2.5 to 10 mg. (1 to 41 
30 to 60 minutes before the procedure. Additional 1.25 to 2.5 
mg. (0.5 to 1 ml.) amounts of INAPSINE (droperidol) may be 
administered, usually intravenously (See warning regarding us 
with concomitant narcotic analgesic medication and the possi 
bility of widely differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain proce- 
dures, such as bronchoscopy. appropriate topical anesthesia | 
still necessary. 

IV. Adjunct to Regional Anesthesia—2.5 to 5 mg. (1 to 2 ml.) may 
be administered intramuscularly or slowly intravenously wher 
additional sedation is required 

How Supplied: 2 m/. and 5 mi. ampoules—packages of 10: 

10 mi. multiple-dose vials—packages of 10. 

US. Patent No. 3161645 

NDC 50458-010-02: NDC 50458-010-05: NDC 50458-010-10 

March 1980, Revised June 1980 IP41C98-M 
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When confidence 
matters most 


The Servo Ventilator will meet the 
pohysician’s standards. For prematures, 
children and adults. In intensive care, 
anesthesia and patient transportation. 


The multi-purpose Servo Ventilator from 
Siemens — the world leader in advanced 
ventilators. 


ft Servo Ventilator Systems 


Siemens-Elema Ventilator Systems 

2360 North Palmer Drive, Schaumburg, Illinois 60195 
Tel.: (312)397-5900 

For countries outside the U.S.: 

Siemens-Elema AB, Ventilator Division, 

S-17195 Solna, Sweden 
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| Please 
O send me the Servo application poster 


C inform me about the Servo in pediatrics 
| O contact me 


| Name - 


| Position _— 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY IARS ANESTHESIA ADVANCEMENT AWARD 


The B.B. Sankey Anesthesia Advancement Award has been established to 
expand upon and replace the IARS Research Award. This new award is 
intended to foster investigative efforts in the fields of anesthesia research, 
clinical care, education and administration. 


The recipients of the 1985 Sankey Anesthesia Advancement Awards are: 


Roger S. Brett, MD, PhD, State University of New York, Stony Brook, 
New York 


Patrick Curling, MD, Emory University School of Medicine, Atlanta, Georgia 
Richard F. Davis, Mp, University of Florida College of Medicine, Gainesville, 
Florida 


1986 B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


Applications for up to $25,000 are invited for the 1986 Award, subject to the following basic 
conditions: ` 


- The proposal must be within the general field of anesthesiology and may be for research, 
clinical care, education or administration. 


- The applicant must be a member of the International Anesthesia Research Society. 


- Applications must be received in the [ARS Cleveland office not later than December 16, 
1985. 


- The official application form for the award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


Emerson A. Moffitt, MD 
Executive Secretary 
International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122, USA 

Telephone: (216) 295-1124 


The 1986 Award(s) will be announced at the Annual Meeting (60th Congress) of the 
International Anesthesia Research aoe to be held at Caesars Palace, Las Vegas, Nevada, 
March 15-19, 1986. 


Introducing the only filberscope 
designed for the anesthesiolog| 


Olympus LF- 7 
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The Olympus LF- Intubation Scope 
designed specifically for: 


e problem intubations 

e double lumen tube placement 
-endotracheal tube changes ` 

e preoperative airway assessment 

e evaluation of upper airway damage 


~The LH- 
Incorporates 
features most 
requested by 
anesthesiologists* 


60cm working length (longer than a 
bronchoscope) accommodates all oral and 
nasal intubation techniques used in your hos- 
pital, making the LF-1 truly versatile. 


Thin 4mm insertion tube allows you to pass 
the LF-1 through all double lumen endobronchial 
tubes and endotracheal tubes even as small as 
5mm. But the LF-1 is firm enough to prevent buckling 
should you choose a larger ET tube. 


Superior optics. You'll appreciate how the increased 

image size, high resolution and 75° field of view simplify 

identification of anatomic structures and orientation within 
the pharynx. 


1.2mm channel gives you additional versatility for instill- 
ing anesthetics and removing secretions. 


Balanced tip deflection lets you choose the intubat- 
ing position that's most comfortable for you. 


Lightweight control section allows convenient 
thumb-operated tip deflection with either hand. 


Full immersibility assures you of 100% cleaning 
and disinfecting. If you choose, the LF-1 can also 


be safely gas sterilized. 
N Affordable. With all its advantages, the OLYM PUS 
y LF-1 is priced substantially below a SUPERIORITY YOU CAN SEE. 


< 
Ņ bronchoscope. Olympus Corporation 


Medical Instrument Division 

4 Nevada Drive 

Lake Success, New York 11042 
800-342-1673 


*From a market survey conducted by Olympus Corporation in January, 1983 ©1985 Olympus Corporation 
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While others slip and slide all over the place, 
we ve made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient's airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 
Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions, STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam H”, a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambs-wool. 


So easy to apply 
The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and security to endotracheal 
tube placement. And there's nothing 
eise like it for ease of use, You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient’s 
neck, loop around tube and fasten with 
the Velero tab back onto the strap’s 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you ean forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it won't 
push dowr. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 
ProTechPacific 


STRAPEZE was designed to answer 
the demanding needs of today’s medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
example of ProTech Pacific’s ongoing 
commitment to your profession. 
STRAPEZE. New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive, 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


LUS. Patents pending 


ProfechPacific 


221 Andersen Drive 
San Rafael, California 9490] 
Call Toll Free: 800/227-0817 
in Calif, 415/459-0745 


Manufacturers of Protective Medical Products 
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to relieve excessive anxiety 


Rapid relief of anxiety and apprehension 
Anxiety is an extremely common reaction to the stress of 
anesthesia and surgery. Often at its most acute stage in the 
minutes just before induction, anxiety may even affect 
the outcome of the surgical procedure. | 
To relieve anxiety promptly and predictably, no agent is 
more effective than Injectable Valium® (diazepam/Roche) LV. 
Within minutes after an LV. injection,** most patients 
become noticeably calmer, sedated yet easily aroused if 
necessary. This response is prompt and predictable—just 
the kind you want in the anxious moments before surgery. 


4 























Rarely compromises cardiac or respi- 


ratory function Injectable Valium rarely produces clini- 
cally significant alterations in basal circulatory parameters.*® 
In a series of 16,000 patients, apnea occurred in only three 
patients given Injectable Valium intravenously.’ However, 
caution should be taken when administering the agent to 
elderly or debilitated patients with limited pulmonary re- 
serve. Resuscitative equipment should be available for all 
patients, and narcotics should be reduced by one-third 
or more; in some cases they may be eliminated. 







Copyright © 1985 
by Roche Productsinc. ` 
» All rights reserved. nek 






OPERATIVE PERIOD 


to diminish recall 


Diminishes recall of unpleasant or 


painful procedures When patients have vivid 
memories of invasive procedures, they may be less 
than willing to undergo such procedures again, even 
if they are medically necessary.°” Recall of proce- 
dures such as endotracheal intubation can be dimin- 
ished by the rapid-acting amnesic effect of Injectable 
Valium (diazepam/Roche) IV. Anterograde amnesia 
usually begins within three minutes after a single LV. 
injection, peaks within ten minutes and lasts for 20 
to 60 minutes.?!® 

This predictable pattern of action distinguishes 
Injectable Valium from other agents that can produce 
amnesia and sedation. Other agents can take 15 to 
30 minutes to achieve the desired effect, and the 
effects may last for 24 hours or more.* However, 
patients should be warned about driving or perform- 
ing other potentially dangerous activities after receiv- 
ing Injectable Valium. 





Easily titrated for desired effect The com- 
pact 10-mg prefilled syringe makes individualized 
titration of Injectable Valium (diazepam/Roche) 
simple because there is convenient, easily readable 
milligram calibration on both sides of the barrel. 
And unlike other injectable agents, Injectable Valium 
needs no reconstitution before administration and 
no refrigeration during storage. Do not mix or dilute 
Valium with other drugs or solutions. Administer slowly 
in a large vein or through the infusion line as close to 
the vein insertion site as possible. 

Injectable Valium. In a class by itself for rapidly 
relieving anxiety and diminishing recall. 


Prompt 
Predictable 


INJECTABLE 


VALIUM‘ 





diazepam/ Roche“ 


Ready-to-use Tel-E-Ject® disposable syringes 


2-ml ampuls, 10-ml g H5 mgm 


4 See next page Jof 
references and summary 
of product information. 
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Please consult complete product information, a summary of 
which follows: 


indications: Management of anxiety disorders, or short-term relief of symp- 
toms of anxiety. Anxiety or tension associated with the stress of everyday life 
usually does not require treatment with an anxiolytic. Symptomatic relief of 
acute agitation, tremor, impending or acute delirium tremens and halluci- 
nosis due to acute alcohol withdrawal: adjunctively in: relief of skeletal mus- 
cle spasm due to reflex spasm to local pathology; spasticity caused by upper 
motor neuron disorders; athetosis; stiff-man syndrome; tetanus; status epilep- 
ticus, severe recurrent seizures; adjunctively in anxiety, tension or acute stress 
reactions prior to endoscopic/surgical procedures: cardioversion. 
Contraindications: Hypersensitivity; acute narrow angle glaucoma; may be 
used in patients with open angle glaucoma receiving appropriate therapy, 
Warnings: To reduce the possibility of venous thrombosis, phiebitis. local 
irritation, swelling and, rarely, vascular impairment when used LV: inject 
slowly, taking at least one minute for each 5 mg (1 ml) given; do not use 
smali veins, i.e., dorsum of hand or wrist; use extreme care to avoid intra- 
arterial administration or extravasation. De not mix or dilute Valium with 
other solutions or drugs in syringe or infusion flask. If it is not feasible to 
administer Valium directly IV, it may be injected slowly through the 
infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest: concomitant 
use of barbiturates, alcohol or other CNS depressants increases depression 
with increased risk of apnea; have resuscitative facilities available. When used 
with narcotic analgesic, eliminate or reduce narcotic dosage at least 1/3, 
administer in small increments. Should not be administered to patients 
in shock, coma, acute alcoholic intoxication with depression of vital signs. 
As with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (¢.g., operating machinery, driving). 
Has precipitated tonic status epilepticus in patients treated for petit mal 
Status or petit mal variant status. 
Withdrawal symptoms similar to those with barbiturates and alcohol have 
been observed with abrupt discontinuation after long use of excessive 
doses. infrequently. milder withdrawal symptoms have been reported fol- 
lowing abrupt discontinuation of benzodiazepines after long, continuous 
use at high therapeutic leveis. After extended therapy, gradually taper 
dosage. 

Usage in Pregnancy: Use of minor tranquilizers during first 

trimester should almost always be avoided because of increased 

risk of congenital malformations, as suggested in several stud- 

ies. Consider possibility of pregnancy when instituting therapy: 

advise patients to discuss therapy if they intend to or do become 

pregnant. 
Not recommended for OB use, 
Efficacy/safety not established in neonates (age 30 days or less); prolonged 
CNS depression observed. In children, give slowly (up to 0.25 ma/kg over 
3 minutes) to avoid apnea or prolonged somnolence: can be repeated after 
15 to 30 minutes. If no relief after third administration, appropriate adjunc- 
tive therapy is recommended. 
Precautions: Although promptly controlled, seizures may return: readminis- 
ter if necessary, not recommended for long-term maintenance therapy, 
If combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects—particularly with known compounds , 
which may potentiate action of Valium (diazeparn/Roche), i.e.. phenothia- 
zines, narcotics, barbiturates, MAO inhibitors, antidepressants. Protective 
measures indicated in highly anxious patients with accompanying depres- 
sion who may have suicidal tendencies. Observe usual precautions in 
impaired hepatic function; avoid accurnulation in patients with compro- 
mised kidney function. Laryngospasm/ncreased cough reflex are possible 
during peroral endoscopic procedures; use topical anesthetic, have neces- 
sary Countermeasures available, Hypotension or muscular weakness possi- 
bie, particularly when used with narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mq) for elderty/debilitated. 
The clearance of Valium and certain other benzodiazepines can be delayed 
in association with Tagamet (cimetidine) administration, The clinical signifi- 
cance of this is unclear. 
Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis/ 
phlebitis at injection site, confusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, vertigo, constipation, nausea, 


incontinence, changes in libido, urinary retention, bradycardia, cardio- 
vascular collapse, hypotension, blurred vision, diplopia, nystagmus, urticaria, 
skin rash, hiccups, changes in salivation, neutropenia, jaundice. Paradox- 
ical reactions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
tion have been reported: should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, laryngospasm/pain in 
throat and chest have been reported in peroral endoscopic procedures. 
isolated reports of neutropenia, jaundice; periodic blood counts, liver func- 
tion tests advisable during long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mg iM. or 
IV, depending on indication and severity. Larger doses may be required in 
some conditions (tetanus). in acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 hours is usually satisfactory. Lower 
doses (usually 2 to 5 mg) with slow dosage increase for elderly or debili- 
tated patients and when sedative drugs are added. {See Warnings and 
Adverse Reactions.) 

For dosages in infants and children see below: have resuscitative facilities 
available, 

LM. use: by deep injection into the muscle, 

LV. use: inject slowly, take at least one minute for each 5 mg (1 mil) given. 
Do not use small veins, Le, dorsum of hand or wrist Use extreme care to 
avoid intra-arterial administration or extravasation. Do not mix or dilute 
Valium with other solutions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium directly IV, it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Moderate anxiety disorders and symptoms of anxiety, 2 to 5 mg LM. or LV. 
and severe anxiety disorders and symptoms of arudety, 5 to 10 mg LM. or LY. 
repeat in 3 to 4 hours if necessary; acute alcohol withdrawal, 10 mg LM. or 
LV. initially, then 5 to 10 mg in 3 to 4 hours if necessary. Muscle spasm, in 
adults, 5 to 10 mg LM. or IV. initially then 5 to 10 mg in 3 to 4 hours if 
necessary (tetanus may require larger doses): in children, administer IV 
slowly; for tetanus in infants over 30 days of age, 1 to 2 mg LM. or IN. 
repeat every 3 to 4 hours if necessary: in children 5 years or older, 5 to 

10 mg repeated every 3 to 4 hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive seizures (LV. route preferred), 
5 to 10 mg adult dose administered slowly, repeat at 10- to 15-minute 
intervals up to 30 mg maximum. Repeat in 2 to 4 hours if necessary, 
keeping in mind possibility of residual active metabolites. Use caution in 
presence of chronic lung disease or unstable cardiovascular status. Infants 
(over 30 days) and chiidren (under 5 years), 0.2 to 0.5 mg slowly every 2 to 
5 min., up to 5 mg (LV. preferred). Children 5 years plus, | mg every 2 to 5 
min., up to 10 mg (slow IV. preferred): repeat in 2 to 4 hours if needed. EEG 
monitoring may be helpful. 

In endoscopic procedures, titrate IV. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if LV. cannot be used, 5 to 10 mg LM. approximately 
30 minutes prior to procedure. As preoperative medication. 10 mg LM.: in 
cardioversion, 5 to 15 mg LV. within 5 to 10 minutes prior to procedure. 
Once acute symptomatology has been properly controlled with injectable 
form, patient may be placed on oral form if further treatment is required. 
Management of Overdosage: Manifestations include somnolence, confu- 
sion, coma, diminished reflexes. Monitor respiration, pulse, blood pressure: 
employ general supportive measures, |V fluids, adequate airway. Hypoten- 
sion may be combated by the use of levarterenol or metaraminol. Dialysis 
is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10: Vials, 10 mi, boxes of 1 and 10; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each mi contains 

5 mg diazepam compounded with 40% propylene glycol, 10% ethyt alcohol, 
5% sodium benzoate and benzoic acid as buffers, and 1.5% benzyl alcohol 
as preservative. 


Manufactured by Hoffmann-La Roche Inc. 


Nutley, New Jersey 07110 
Distributed by Roche Products Inc. 
@ Manati, Puerto Rico 00701 
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Editor-in-Chief: H. Verdain Barnes, M.D. 
Wright State University School of Medicine, Dayton, Ohio 


The comprehensive nature and outstanding scientific quality of the 
Journal of Adolescent Health Care have established it as the leading 
publication in its feid —and a necessary resource for pediatricians, 
family practitioners, internists, psychologists, sociologists, and all 
other professionals involved in improving the quality of adolescent 
health care, 


Now in its fifth successful year, and edited by leading authorities, 
this interdisciplinary journal is devoted to developing effective 
responses to the acute and chronic heaith care problems of the 
adolescent. Publication of the latest scientific results keeps the reader 
abreast of the newest developments in this rapidly expanding 
specialty. 

Every issue contains original articles, analytic subject reviews, and 
case reports, as well as a special section featuring a bibliography 
of recent articles in related disciplines. 


1985 Subscription Information 
Volume 6 (6 issues) ISSN 0197-0070 


Insttutona Tate s&h eo hors a & reds ede he hae $110.00 
PERSONA rale boo ack nea MC oP Sch ale. Hw LE led we BO ea $70.00 
intern/Resident rate ....¢..¢s 0004005 bse bene cd van $44.00 
For sample copies, send to 

in North and South America: in the rest of the world: 
Elsevier Science Publishing Co., Inc. Elsevier Science Publishers 
FO. Box 1663 Direct Mail Department 
Grand Central Station PO. Box 211 

New York, NY 10163 1000 AE Amsterdam 


The Netherlands 


For air delivery in the U.S., Canada, and Mexico, add $15.00. 
Subscribers outside the U.S. should add: $12.00 for surface 
delivery (not available to Europe); $14.50 for surface air lift to 
Europe; $36.00 for air delivery to the rest of the world: or $22.00 
tor delivery to Japan (via surface air lift only). 


Note: Send subscription orders either to your usual supplier or to 
the New York address. 

Subscriptions begin with the first issue of the calendar year. 
Subscription rates valid until December 31,1985. 

Orders from non-U.S. customers must be prepaid. 

Note: Publisher will honor Intern/Resident status for a maximum 
of three vears; the Intern/Resident rate is subject to increase annually. 
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"First Maker of 
Fluorinated Anesthetics 


in the U.S.A. 


‘Pioneer in 
Anesthetic Purity 


«Lowest Price of Any 
Potent Anesthetic 


HALOCARBON 


LABORATORIES, INC. 


PO. Box 833 
Hackensack, NJ 07602 


(201) 343-8703 


The only constant in 
critical care medicine 
is change. 
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Bard Critical and shaped oa 
by change. It is also a company we hope you will 
come to consider a constant—a reliable supplier of some 
of your most important medical equipment. 


Created by the merger of Bard Biomedical 
and USCI Critical Care, our new structure puts us in a much 
better position to offer you the products, services, and 
ideas you constantly require in your chosen field. 





Only change keeps 
a company constant. 


(Ce cine Bad Critical Care. 
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to it, can Bard Critical Care become what we intend to be: a supplier you 


will regard as one of your constants for many years to come. 


[BAIRID 


Bard Critical Care Division 
C.R. Bard, Inc., PO. Box 7000, 129 Concord Rd.. Billerica, Mass. 01821 


Toll-free telephone: 1-800-323-3419 
In Massachusetts, Alaska, and Hawaii: 617-667-8810 





A30 


Trends in NeuroSciences 


AUG] AAG CGG 


300 


AAG 


GGU GAG GUC CUU GGC AAG AGA 
; 380 400 





This is probably the most exciting 
time to be working In neuroscience. 
At last it seems as though many of the 
secrets of the nervous system are 
yielding to research. The genes for 
the acetylcholine receptor, the 
sodium channel and the three opioid 
peptide precursors have all been 
cloned. The crucial role of molecular 
genetics within neuroscience is firmly 
established. 

The new technology has demon- 
strated the ability of a handful of gene 
products to orchestrate a complex 
sequence of behaviour in the marine 
mollusc Aplysia. Rapid progress is also 
being made in understanding how 
specific gene products control 


development in the insect s nervous 
system, or regulate the switching of 
transmitter production in adult mam- 
malian neurons. Undoubtably mole- 
cular genetics will have a major 
impact on clinical neuroscience during 
the 1980s. 





From genes to behaviour 
—the central connection 
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Gene research in neuroscience is 
not the only area where activities are 
occuring at an explosive rate. PET 
studies of human cognitive function, 
computer monitoring of whole body 
and limb movement and psycho- 
physical testing of perceptual activi- 
ties are all contributing to our know- 
ledge of higher brain functions in 
health and disease. 

Trends in NeuroSciences is the 
only review journal which covers all 
aspects of neuroscience. Its unique 
style makes it accessible to 
researchers and students alike. Don t 
miss out on the excitement, sub- 
scribe to Trends in NeuroSciences 
today. 


Articles published in 1984 included: 


Localisation of the gene for Huntington's chorea P. $. Harper 

Homoeotic gene transcripts in the neural tissues of insects Matthew P. Scott 

Neuronal development in Caenorhabditis elegans by Martin Chalfie 

The development of specific motor pathways in the chick embryo Lynn Landmesser 

The psychology and physiology of colour vision Nige! W. Daw 

The natural vocalizations of non-human primates Robert M. Seyfarth and Dorothy L. Cheney 
Motor neuron diseases and amytrophic lateral sclerosis Lewis P. Rowland 


Subscription prices !985 

A personal subscription to Trends in NeuroSciences comprises |2 issues and costs only £28.00 (UK), 
$49.00 (USA and Canada), Dfi. 130.00 (Europe), Dfi. 140.00 (Rest of the world). A library subscription 
comprises |2 issues plus an annual hard bound compendium for reference. This subscription costs Df, 
430 (UK, USA, Canada and Europe) or Dfi. 445 (Rest of the world). 

Payment must accompany personal subscriptions and may be made by cheque, made out to ‘Elsevier’ 
in pounds sterling or US dollars or by credit card. We accept AmEx, V ISA and Access/Mastercard/Euro- 
card. Please supply card number, expiry date, issuing bank (if appropriate), the cardholder's name and 
address and signature. 


Please send your subscription or request for a free sampie copy to one of the addresses below. 
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Elsevier Publications (Cambridge) 
68 Hills Road 

Cambridge 

CB2 ILA 

UK 


Elsevier Science Publishers 
Biomedical Division 


Elsevier Science Publishing Co Inc 
52 Vanderbilt Avenue 


New York PO Box 1527 
NY 10017 LOOGAT Amsterdam 
USA The Netherlands 







IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the JARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the [ARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the [ARS annual meeting; Educational 
Members pay no registration fee. 


.... MEMBERSHIP CATEGORIES.... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $45.00 U.S.; $55.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 


Please send me —______. application(s) for: Membership ( 
Associate Membership (___) 
Educational Membership (__) 





Please print clearly: _. 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 
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SUFENTA 


sufentanil citrate) Injection C 
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„More Predict ise Corto. 
dom. Induction Through Hecovery 


COMPARED WITH ISOFLURANE” 


e Superior hemodynamic stability 

e Shorter recovery times 

¢ Better maintenance of postoperative analgesia 
e Lower total cost per procedure 





*In a comparative study"? of patients undergoing major orthopedic 
surgery who received either SUFENTA-N,O (n=10) or isoflurane-N,O (n=10). 


1. Scientific Exhibit, Sufentanil vs. Isoflurane in Major Orthopedic 
Procedures (Fahmy NR, Principal Investigator), March 1983. 


2. Fahmy NR, Beemer GH, Roberts JT. Symposium Report, Advances 
in Anesthesia, a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 


COMPARED WITH FENTANYL 


e Smoother, more rapid induction 


e When given before intubation, reduces 
hypertension and tachycardia 


e Promotes fast, comfortable recovery 

e More effective blocking of catecholamine 
response to surgery 

¢ Superior intraoperative hemodynamic stability 

e Smaller volume of injection 

e Lower total cost per procedure 





3. Smith NT, Dec-Silver H, Harrison WK, et al: ASA Abstract, 
Anesthesiology (Suppl) 57: A291, 1982. 

4. Flacke JW, Bloor BC, Flacke WE, et al: Comparative Effects of 
Sufentanil and Fentanyl Versus Meperidine and Morphine in 
Balanced Anesthesia. Symposium Report, Advances in Anesthesia, 
a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 
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SUFENTA 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 

DESCRIPTION 

SUFENTA (sufentanil citrate} is a potent opioid analgesic chemically designated as N-i4 -(methoxymethy)}-1-12-(2- 
thienyiethyt}- 4-pipendinylj-N-phenylpropanamide 2-hydroxy-1,2.3-propanetricarboxylate (11), 


a nn, 


SUFENTA is a sterile, preservative-free, aqueous solution containing sufentanil citrate equivalent to 50 gg per ml of 
sufentanil base for intravenous injection. The solution has a pH range of 35-75 


CLINICAL PHARMACOLOGY 

SUFENTA is an opioid analgesic. SUFENTA ss approximately 5 to 7 mes as potent as fentanyl (Dosage requirements 
for equianalgesic effect will be s-r those of fentanyl on a mg/kg basis} At doses of up to 8 ug/kg, SUFENTA 
provides profound analgesia, at doses =-8 ng/kg. SUFENTA produces a deep level of anesthesia. SUFENTA pro- 
Guces a dose related attenuation of catecholamine release, particularly norepinephrine. e 


The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distnbution tme of 672 
minutes, redistnbution of 13.7 minutes and an elimination half-tite of 148 minutes. The liver and smaii intestine are 
the major sites of biotranstormation. Approximately 80% of the administered dose is excreted within 24 hours and 
only 2% of the dose is eliminated as unchanged drug. Plasma protein binding of SUFENTA 1s approximately 92.5%. 


SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
Storage sites allows for relatively more rapid recovery as compared with fentanyi At dosages of SUFENTA of 1-2 g/kg, 
recovery mes are Comparable to those observed with fentanyl, at dosages af 2-6 ug/kg, recovery times ate 
comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 8-30 yag/kg of SUFENTA, 
recovery limes are more rapid compared to equipotent fentanyl dosages. 


At dosages of = 6 agho, SUFENTA produces hypnosis and anesthesia without the use of additional anesthetic 
agents. A deep level of anesthesia is maintained at these dosages. as demonstrated by EEG patterns Dosages of up 
to 25 yg/kg attenuate the sympathetic respanse to surgical stress. The catecholamine response, pattcularly 
norepinephrine, is further attenuated at doses of SUFENTA of 25- 30 pg/kg, with hemodynamic stability and preser- 
vation of favorable myocardial oxygen balance. 


The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate during SUFENTA-oxy- 
e anesthesia. The vagolytic effect of pancuronium may be reduced in patients admumstered nitrous oxide with 

FENTA. The use of moderate doses of pancuronium or of a less vagolytic neuromuscular blocking agert may be 
used to maintain a stable lower heart rate and blood pressure during SUFENTA-oxygen anesthesia. 


Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements tor 
feuromuscular blocking agents are generally lower as compared to patients given fentanyl or halothane. and compa- 
fable to patients given enflurane. 


Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous oxide 
with high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output. 


Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels and no 
indication of histamine release. 


SUFENTA at 20 g/kg has been shown to provide more adequate reduction in intracranial volume than equivalent 
doses of fentanyl based upon requirements for furosemide and anesthesia supplementation in one study of patients 
undergoing craniotomy During carotid endarterectomy, SUFENTA produced EEG patterns and reductions in cerebral 
bigod flow and oxygen utilization comparable to those of fentanyl. 


The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a sight reduction m 
Systemic vascular resistance during the initia! postoperative period. The incidence of postoperative hypertension. 
need for vasoactive agents and requirements for postoperative analgesics are generally reduced in patients admin- 
istered moderate or high doses of SUFENTA as compared to patients given inhalation agents. 


Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duralion and degree ot 
respiratory depression are dose related when SUFENTA is used at sub-anesthelic dosages. Al high doses. a 
pronounced decrease in pulmonary exchange and apnea may be produced 


INDICATIONS AND USAGE 

SUFENTA (sufentanil citrate) is indicated: 

as an analgesic adjunct at dosages of up to 8 zzg/kg in the maintenance of balanced genera! anesthesia 

aS a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients 
undergoing major surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the sitting 
position, to provide favorable myocardial and cerebral oxygen balance or when extended postoperative ventilation 
anticipated. 


CONTRAINDICATIONS 
SUFENTA is contraindicated in patients with known hypersensitivity to the drug 


WARNINGS 
SUFENTA should be administered only by persons specifically trained in the use of intravenous anes- 
thetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence can be reduced by. 1} 
administration of up to 1⁄4 of the full paralyzing dose of a non-depolarizing neuromuscular blocking agent just pror 
to administration of SUFENTA at dosages of up fo 8 wg/kg, 2) administration of a full paralyzing dose of a 
neuromuscular blocking agent following loss of eyelash reflex when SUFENTA is used in anesthetic dosages (above 6 
feQ/kQ) titrated by slow intravenous infusion, of 3 Simultaneous administration of SUFENTA and a full Hapy 
dose of a neuromuscular blocking agent when SUFENTA is used in rapidly administered anesthetic dosages (above 
ng/kg). 

The neuromuscular blocking agent used shouid be compatible with the patent's cardiovascular status. Adequate 
faciities should be available for postoperative monitoring and ventilation of patients administered anesthetic doses 
of SUFENTA. It is essential that these facilities be fully equipped to handie ali degrees of respiratory depression. 


PRECAUTIONS . . 
The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated patients. The efect of the 
initial dose should be considered in determining supplemental doses. 


Vital signs should be monitored routinely. 


Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY) 


High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. Bradycardia 
has been reported infrequently with SUPENTA-oxygen anesthesia and has been responsive to atropine. 


Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries. 


impased Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased respira- 
tory reserve of potentially compromised respiration. In such patients, opioids may additionally decrease respratory 
drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled respiration 
Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as naloxone 
Because the duration of respiratory depression produced by SUFENTA may last longer than the duration af the 
opioid antagonist action, appropriate surveillance shouid be maintained. 


impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA should be administered 
with caution due to the importance of these organs in the metabolism and excretion of SUFENTA. 


Drug interactions: An additive effect with SUFENTA may be exhibited in patients receving barbiturates, tranquilizers, 
other opioids, general anesthetics or other CNS depressants. in such cases of combined treatment, the dose of one 
of both agents should be reduced. 


Carcinogenesis, Mutagenesis and impairment of Fertility: No long-term animal studies of SUFENTA have 
been performed to evaluate carcinogenic potential The micronucleus test in female cats revealed that singie intra- 
venous doses of SUFENTA as high as 80 g/kg {approximately 25 times the upper human dose) produced no 
Structural chromosome mutations. The Ames Salmonella typhimurium metaboiie activating test also revealed no 
mutagenic activity See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 

Pregnancy Category C: SUFENTA has been shown to have an embryocida! effect in rats and rabbits when gwen in 
doses 2.5 times the upper human dose for a period of 10 days to aver 30 days. These effects were most probably 
r to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration 
gi the drug. 

No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits 

There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used during pregnancy 
oniy if the potential benefit justifies the potential risk to the fetus. 
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Labor and Delivery: There are insufficient data to support the use of SUFENTA in tabor and delivery Therefore, 
such use is not recommended. 


Nursing Mothers: it is not known whether this drug is excreted im human milk. Because many drugs are excreted 
In human miik, caution should be exercised when SUFENTA is administered to a nursing woman. 


Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
Surgery Nas been documented in a lamited number of cases. 


Animal Toxicology: The intravenous LD,, of SUFENTA is 16.8 to 16.0 mg/kg n mice, 118 to 130 mg/kg in guinea 
pigs and 161 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 25 
times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to 
decreased food consumption and anoxia, which preclude any meaningful interpretation of the results. 


ADVERSE REACTIONS 

The most common adverse reactions af opioids are respiratory depression and skeletal muscle ngidity See CUNI- 
CAL Api as WARNINGS and PRECAUTIONS on the management of respiratory depression and skeletal 
muscle rigidity. 

The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were hypoten- 
Sion (7%), hypertension (3%), chest wali ngidity (3%) and bradycardia (3%). 

Other adverse reactions with a reported incidence of iess than 1% were 

Cardiovascular: tachycardia, arrhythmia 

Gastrointestinal nausea, vomiting 

Respiratory: apnea, postoperative respiratory depression, bronchospasm 

Dermatological: itching 

Central Nervous System: chills 

Miscellaneous: intraoperative muscle movernent 


DRUG ABUSE AND DEPENDENCE 
SUFENTA (sufentanil citrate} is a Schedule il controlled drug substance that can produce drug dependence of the 
morphine type and therefore has the potential for being abused. 


OVERDOSAGE 

Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA isee CLINICAL 
PHARMACOLOGY) as with other potent opioid analgesics. However no experiences of overdosage with SUFENTA 
have been estabished during clinical trais. The intravenous LD, of SUFENTA in male rats is 934 to 12.5 mg/kg (see 
ANIMAL TOXICOLOGY for LDS in other species). Intravenous administration of an opioid antagonist such as 
naloxone should be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression Ioliowing overdosage with SUFENTA may be longer than the duration of action of the opiosd antagonist. 
Administration of af opioid antagonist shouid not preclude more immediate countermeasures. in the event of 
overdosage. Oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or 
apnea. A patent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. It 
depressed respiration is associated with muscular rigidity, a neuromuscular blocking agent may be required to 
facilitate assisted or controlled respiration. Intravenous fluids and vasapressors for the treatment of hypotension 
and other supportive Measures may be employed. 


DOSAGE AND ADMINISTRATION . . 
The dosage of SUFENTA should be individualized in each case according to body be A physical status, underlying 
pathological condition, use of other drugs. and type of surgical procedure and anesthesia. in obese patients (more 
than 20% above ideal total body weight}, the dosage of SUFENTA should be determined on the basis of jean body 
weight. Dosage should be reduced in elderly and debilitated patients (see PRECAUTIONS). 

Vital signs should be monitored rautinely 

See dosage range chart for the use of SUFENTA by intravenous imection 1} in doses of up to 8 g/kg as an analgesic 
adjunct to general anesthesia, and 2) in doses =8 ug/kg as a primary anesthetic agent for induction and mainte- 
nance of anesthesia with 100% oxygen. 

Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age undergoing 
Cardiovascular Surgery, an anesthetic dose of 10-25 pg/kg administered with 100% oxygen is generally recom- 
mended. Supplemental dosages of up to 25.50 ug are recommended for maintenance, based on response to initial 
dose and as determined by changes in vital signs indicating surgical stress or lightening of anesthesia. 
Premedication: The selection of preanesthetic medications should be based upon the needs of the individual 
patient. 

Neuromuscular Blocking Agents: The neuromuscular blocking agent selected shouid be compatibie with the 
patients condition, taking inte account the hemodynamic effects of a particular muscle relaxant and the degree of 
Skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 


ADULT DOSAGE RANGE CHART 


TOTAL DOSAGE MAINTENANCE DOSAGE 


1-2 yeg/kg: administered with nitrous oxide/oxygen 
in patients undergoing general surgery in which 
endotracheal intubation and mechanica! ventilation 
are required. 


2-8 pg/kg: administered with nitrous oxide/oxygen 
in patients undergoing more complicated major 
Surgical procedures. At dosages in this range. 
SUFENTA has been shown to provide some attenu- 
ation of sympathetic reflex activity in response to 
Surgical simul, provide hemodynamic stabiity and 
provide relatively rapid recovery. 


8-30 g/kg: (anesthetic doses) administered with 


10-25 ug (0.2-0.5 mi): as needed when movement 
and/or changes in vital signs indicate surgical 
stress or lightening of analgesia. Supplemental 
dosages should be individualized and adjusted to 
the remaining operative time anticipated. 


25-50 yg (0.5-1 mi}: as determined by changes in 
vital signs that indicate stress or lightening of anal- 
gesia. supplemental dosages should be individual- 
ized. and adjusted to the remaining operative lime 
anticipated. 





100% oxygen and a muscle relaxant. SUFENTA has 
been found to produce sleep at dosages =8 g/kg 
and to maintain a deep level of anesthesia without 
the use of additional anesthetic agents. Al dosages 
in this range of up to 25 wo/kg, catecholamine 
release is attenuated. Dosages of 25- 30 ugjkg have 
been shown to block sympathetic responses 
including catecholamine release. High doses are 
indicated in patients undergoing major surgical 
procedures. such as cardiovascular surgery and 
neurosurgery in the sitting posibon with mainte- 
nance of favorable myocardial and cerebral oxygen 
balance. Post-operative mechanicai ventilation and 
observation are essential at these dosages due fo 
extended postoperative respiratory depression. 


in patients administered high (anesthetic) doses of SUFENTA, it is essential that qualified personnel and adequate 
facilities are available for the management of postoperative respiratory depression. 

Also see WARNINGS and PRECAUTIONS sections. 

Parenterai drug products should be inspected visually for particulate matter and discoloration prior to admunistra- 
tion, whenever Solution and container permit 

HOW SUPPLIED 

SUFENTA (sufentani! citrate) injection for intravenous use is available as: 

NDC 50458-050-01 50 ug/ml, 1 mi ampoules in packages of 10 

NDC 50458-050-02 50 ug/mi, 2 mi ampoules in packages of 10 

NDC 50458-050-05 50 ug/ml, 5 mi ampoules in packages of 10 

Protect from light. Store at room temperature. 


25-56 ug (0.5-1 mi}: as determined by changes in 
vital Signs Mat indicate stress and lightening of 
anesthesia. 
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Forget your old ideas 
about capnometers. 


SET CONTROLS 
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Ours is easy tou use. 


The TMM Capnometer is simple to operate. Just connect the Capnometer to the 
patient or the ventilator circuit, and turn it on. To set parameters, as illustrated 
by the gas calibration procedure above, you simply press tactile response buttons. 


Thanks to a powerful microprocessor, the TMM Capnometer monitors itself 
so you can give more attention to your patient. The Capnometer alerts you when a 
trend has been determined that deviates from parameters you have established. 


All user selected operating parameters are retained in memory. 
Automatic baseline updates provide long term unattended operation. 
Data display is clear, bright, and continuous. 

A linearized signal output enables you to observe end-tidal waveforms. 
An advanced Fluids Separator* on the TMM Capnometer Traverse 
continuously clears the gas stream of fluids. Medical 


A reliable infrared analyzer counts CO, molecules in under 100 msec MONO 
at a flow rate of 260 ml/minute—a rate comparable to dedicated Of WO en 
mass spectrometers and faster than multiplexed units. 


The TMM Capnometer is backed by a comprehensive user support 
and service program. And it costs only $2,995. 





SUBSIDIARY OF 
DYNATECH CORPORATION 


For move } itai marlon, A ate Fon ge 
Traverse Medical Monitors, 6812 South State Road, Saline, Michigan 48176 
or call toll-free: (800) 247-7038 (800) 722-4153 in Michigan 


*patent pending 
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Excerpta Medica abstracts articles 
from well over 3,500 biomedical, 
pharmaceutical and chemical 
journals, covering the most signifi- 
cant published papers in the field of 
biomedicine from all countries of the 
world. 


e Abstracts are selected and indexed 
by practising medical specialists. 

e Abstracts are arranged by major 
topics, giving the Abstracts Journals 
a concise, easy-to-read form. 

e Each issue includes subject and 
author indexes. 

è Detailed specialist indexing from 
multiple points of view makes it 
easy to find the right information in 
the shortest possible time. 


The Comprehensiveness of a 
Database ~ The Convenience of a 
Journal 


OTORHINOLARYNGOLOGY 
SECTION 11 


The information in this abstract journal 
is organized on an anatomical basis with 
separate chapters for each part of the 


body falling within the otorhinolaryngolo- 


gical area, 
Particular attention is also given to the 


skull, face and mouth (including the 
teeth, tongue, salivary glands, etc). 


In addition there are special chapters for 
hearing, speech disorders, phoniatrics 
and otorhinolaryngological anesthesia. 
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Excerpta Medica Database 

Librarians and Information Officers may 
also be interested to know that the entire 
Excerpta Medica Database is also 
available on-line via many international 
database vendors, including DIALOG, 
BRS, DATASTAR and DIMDI. Full infor- . 
mation is available by writing to: 


The Marketing Director 
Database Products, 

PO. Box 1527, 

1000 BM AMSTERDAM, 
The Netherlands. 


Subscription Information: 
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including postage and handling. 
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For further information and/of free sample copy write to: 


EXCERPTA MEDICA 


ELSEVIER SCIENCE PUBLISHERS 
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ELSEVIER SCIENCE PUBLISHERS 
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Break the stress response caused by 
unblocked pain with epidural Marcaine. 


Excellent sensory block with varying 
degrees of motor block, depending on 
dosage and concentration. Marcaine 
0.75% not recommended for obstetrical 


anesthesia. 


Long lasting pain relief for 
comfort during labor and delivery. 


Proven safe for newborn with 
minimal neurobehavioral 


effects and minimal 
drug exposure.” 


tiithrog Breon 


WINTHROP-BREON LABORATORIES 
90 Park Avenue, New York, NY 10016 


See adjacent page for important 
product information concerning con- 
traindications, warnings, adverse 
reactions, patient selection, and pre- 
scribing and precautionary 
recommendations. 

Resuscitative equipment and drugs 
should be readily available when any 
local anesthetic is used. 

Contraindicated for obstetric 


paracervical block. 


©1984 Winthrop-Breon Laboratories 
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Marcaime ic 
(bupivacaine HCI injection, USP) resmen 200000 
PLEASE CONSULT FULL PRESCRIBING INFORMATION. A SUMMARY FOLLOWS: 


CONTRAINDICATIONS: Obstetric paracervical block anesthesia: use in this technique has resulted in fetal 
bradycardia and death. Known hypersensitivity to the drug or to any amide-type local anesthetic. or to ather 
components of MARCAINE solutions. 

WARNINGS 


THE 0.75% CONCENTRATION OF MARCAINE IS NOT RECOMMENDED FOR OBSTETRICAL 
ANESTHESIA. THERE HAVE BEEN REPORTS OF CARDIAC ARREST WITH DIFFICULT 
RESUSCITATION OR DEATH DURING USE OF MARCAINE FOR EPIDURAL ANESTHESIA 
IN OBSTETRICAL PATIENTS. IN MOST CASES, THIS HAS FOLLOWED USE OF THE 0.75% 
CONCENTRATION. RESUSCITATION HAS BEEN DIFFICULT OR IMPOSSIBLE DESPITE 


APPARENTLY ADEQUATE PREPARATION AND APPROPRIATE MANAGEMENT. CARDIAC 
ARREST HAS OCCURRED AFTER CONVULSIONS RESULTING FROM SYSTEMIC TOXICITY. 
PRESUMABLY FOLLOWING UNINTENTIONAL INTRAVASCULAR INJECTION. THE 0.75% CON- 
CENTRATION SHOULD BE RESERVED FOR SURGICAL PROCEDURES WHERE A HIGH 
DEGREE OF MUSCLE RELAXATION AND PROLONGED EFFECT ARE NECESSARY. 





LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL VERSED IN 
DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMERGENCIES 
WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER INSURING 
THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIOPULMONARY 
RESUSCITATIVE EQUIPMENT, AND THE PERSONNEL RESOURCES NEEDED FOR PROPER MANAGE- 
MENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See siso ADVERSE REACTIONS, 
PRECAUTIONS and OVERDOSAGE.) DELAY IN PROPER MANAGEMENT OF DOSE-RELATED TOXICITY, 
UNDERVENTILATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE DE- 
VELOPMENT OF ACIDOSIS, CARDIAC ARREST AND, POSSIBLY, DEATH. 

Local-anesthetic solutions containing antimicrobial preservatives. ie, those supplied in multiple-dose 
vials, should not be used for epidural or caudal anesthesia because their safety has not been established 
with regard to intrathecal injection—intentionally or not. 

It is essential that aspiration for blood or cerebrospinal fluid. where applicable, be done prior to injecting 
any local anesthetic (the original and ali subsequent doses) to avoid intravascular or subarachnoid injection, 
which can occur even with a negative aspiration. 

MARCAINE with epinephrine 1.200.000 or other vasopressors should not be used concomitantly with 
ergot-type oxytocic drugs, and used with extreme caution in patients receiving monoamine oxidase {MAO} 
inhibitors or antidepressants of the triptyline or imipramine types: severe prolonged hypertension may result. 

Pending further experience, MARCAINE administration in children younger than 12 years is not recommended. 

Mixing, or a prior or intercurrent use, of any other local anesthetic with MARCAINE cannot be recom- 
mended because such use lacks sufficient clinical data. 

There have been reports of cardiac arrest and death with MARCAINE for intravenous regional anesthesia 
(Bier block). Since information on safe dosages and procedural techniques is lacking, MARCAINE is not 
recommended. 

PRECAUTIONS: General: Safety and effectiveness of local anesthetics depend on proper dosage. correct 
technique, adequate precautions, and readiness for emergencies. Resuscitative equipment. drugs, and 
oxygen should be available for immediate use. (See WARNINGS, ADVERSE REACTIONS. OVERDOSAGE } 
During major regional nerve blocks, the patient should have LV. fluids via an indwelling catheter to assure a 
functioning intravenous pathway. The lowest effective anesthetic dosage should be used tc avoid high 
plasma ieveis and serious adverse effects. 

Epidural Anesthesia: The 0.5% and 0.75% solutions shouid be administered in increments of 3-5 mL with 
sufficient time between doses to detect toxic manifestations of unintentional intravascular or intrathecal 
injection. Administration shouid be slow, with frequent aspirations before and during the procedure to avoid 
intravascular injection which is still possible even if aspirations for blood are negative. Syringe aspirations 
should also be performed before and during each supplemental injection by “continuous” (intermittent) 
catheter technique. During an epidural procedure, it is recommended that a test dose be administered 
initially and the effects monitored before giving the full dose. When using continuous catheter technique. test 
doses should be given prior to both the original and all reinforcing doses because plastic tubing in the 
epidural space can migrate into a blood vessel or through the dura. Clinica! conditions permitting. the test 
dose should contain epinephrine (10-15 ug has been suggested} to provide warning of unintended intravas- 
cular injection. if injected into a blood vessel. this amount is likely to produce a transient “epinephrine 
response” within 45 seconds, consisting of an increase in heart rate and/or systolic blood pressure, cir- 
cumorai pallor, paipitations, and nervousness in the unsedated patient who may exhibit oniy a pulse-rate 
increase of 20 or more beats per minute for 15 or more seconds. Therefore, foliowing the test dose, heart rate 
should be monitored for any increase. Patients on beta blockers may not manifest such changes, but 
blood-pressure monitoring can detect a transient systolic rise. The test dose should also contain 10-15 mg 
of MARCAINE or an equivalent amount of another local anesthetic to detect unintended intrathecal injechon. 
This will be evidenced within a few minutes by signs of spinal block (eg. decreased gluteal sensation, paresis 
of the legs or, in the sedated patient, absent knee jerk). Two or 3 mL of MARCAINE 0.5% with epinephrine 
1:200,000 contain, respectively, 10 and 15 mg of bupivacaine HCI and 10 and 15 ug of epinephrine. An 
intravascular or subarachnoid injection is still possible even with negative results of the test dose, which itself 
may produce an epinephrine-induced cardiovascular or systemic toxic reaction or high spinal effect. 

Repeated doses may cause significant increases in plasma levels with each such injection due to siow 
accumulation of the drug or its metabolites, or to siow metabolic degradation. Tolerance to elevated blood 
levels varies with the patient's status. Debilitated, elderly, and acutely ill patients should be given reduced 
doses commensurate with age and physical status. Also use focal anesthetics with caution in patients with 
hypotension or heart block. 

ere shouid be careful and constant monitoring of the patient's cardiovascular and respiratory (adequacy 
of ventilation} vital signs and state of consciousness after each injection, and kept in mind at such times that 
restlessness, anxiety, incoherent speech, lightheadedness, numbness and tingling of the mouth and lips, 
metallic taste, tinnitus, dizziness, blurred vision, tremors, twitching. depression, or drowsiness may be 
warhings of CNS toxicity. 

Local anesthetic solutions with a vasoconstrictor should be used cautiously and carefully in body areas 
supplied by end arteries or with otherwise restricted blood supply (digits, nose, external ear, penis, 
etc}. Patients with hypertensive vascular disease may exhibit exaggerated vasoconstrictor response. ischemic 
injury of necrosis may result. 

Amide-type anesthetics such as MARCAINE are metabolized by the liver; these drugs (especially repeat 
doses} should be used cautiously in patients with hepatic disease. Because of an inability to metabolize local 
anesthetics normally. patients with severe hepatic disease are at greater risk of developing toxic plasma 
concentrations. Also use with caution in patients with impaired cardiovascular function because they may be 
tess able to compensate for functional changes associated with the drug's prolongation of A-Y conduction. 

Serious dose-related cardiac arrhythmias may occur if preparations containing epinephrine are employed 
in patients during or following administration of potent inhalation anesthetics. in deciding whether to use 
these agents concurrently, their combined action on the myocardium, the concentration and volume af 
vasoconstrictor used, and the time since injection should be taken into account (when appiicabie). 

Many drugs used in anesthesia conduction are potentially triggering agents for familiat malignant hyperthermia. 
Because it is unknown whether amide-type anesthetics may trigger this reaction and because the need for 
supplemental general anesthesia cannot be predicted in advance, it is suggested that a standard manage- 
ment protocol be available. Early unexplained signs of tachycardia, tachypnea, labile blood pressure, and 
metabolic acidosis may precede temperature elevation. Successtul outcome is dependent on early diagnosis. 
prompt discontinuance of the suspect triggering agent(s}. and prompt treatment including oxygen, dantrolene 
iV. isee prescribing information before use}, and other supportive measures. 

Use in Head and Neck Area: Smali doses of local anesthetics injected into the head and neck area, inciud- 
ing retrobulbar, dentai, and stellate ganglion blocks, may produce adverse reactions similar to systemic tox- 
icity seen with unintentional intravascular injections of larger doses. The injection procedures require the 
utmost care. Confusion, convulsions, respiratory depression, and/or respiratory arrest, and cardiovascular 
stimulation or depression have been reported. These reactions may be due to intra-arterial injection of the 
local anesthetic with retrograde flow to the cerebral circulation. They may also be due to puncture of the 
durai sheath of the optic nerve during retrobuibar block with diffusion of any local anesthetic along the sub- 
dural space to the midbrain. Patients receiving these blocks should have their circulation and respiration 
monitored and be constantly observed. Resuscitative equipment and personne! for treating adverse reac- 
tions shouid be immediately available. Dosage recommendations should not be exceeded. (See DOSAGE 
AND ADMINISTRATION.) 

Use in Ophthaimic Surgery: With MARCAINE 0.75% for retrobulbar block. complete corneal anesthesia 
usually precedes onset of clinically acceptable external ocular muscle akinesia. Presence of akinesia alone 
determines readiness for surgery. 

Use in Dentistry: Because of the long duration of anesthesia when MARCAINE 0.5% with epinephrine is 
used dentally, caution patients about inadvertent trauma to tongue, fips, and buccal mucosa, advise them not 
to chew solid foods or test the anesthetized area by biting or probing until anesthesia has worn off (up to 7 
hours}. 

information for Patients: When appropriate, inform them in advance of possible temporary loss ot 
sensation and motor activity (usually in the lower body) following administration of caudal or epidural 
anesthesia, or other possible adverse occurrence noted in package insert. 

Clinically Significant Drug Interactions: Administering local anesthetic solutions containing epinephrine 
or norepinephrine to patients receiving MAO inhibitors or tricyclic antidepressants may produce severe, 
protonged hypertension. Thus concurrent use should generally be avoided, in situations when such therapy 
is necessary. careful monitoring is essential. Concurrent use of vasopressor and ergot-type oxytocic drugs 
may cause severe, persistent hypertension or cerebrovascular accident. Phenothiazines and butyrophenones 
may reduce or reverse epinephrine’s pressor effect. 


Carcinogenesis, Mutagenesis, and impairment of Fertility: Long-term studies in animals of most local 
anesthetics including bupivacaine have not been conducted. There is no evidence from human data that 
MARCAINE may be carcinogenic or mutagenic or that it impairs fertility. 

Pregnancy Category C: Decreased pup survival in rats and an embryocidal effect in rabbits have been 
observed when bupivacaine was administered to either in doses comparable to 5 to 9 times the maximum 
recommended daily human dose (400 mg}. There are no adequate and well-controlled studies in pregnant 
women of the drug's effect on fetal development, and potential fetal risk must be justified by potential benefit 
aan does not exciude use of MARCAINE at term for obstetric anesthesia or analgesia. (See Labor and 

livery} 

Labor and Delivery: SEE BOXED WARNING REGARDING OBSTETRIC USE OF 0.75% MARCAINE, and its 
contraindication in obstetric paracervical biock. Local anesthetics cross the placenta rapidly and, when 
used for epidural, caudal, or pudendal block, can cause varying degrees of maternal, fetal, and neonatal 
toxicity. (See Pharmacokinetics in CLINICAL PHARMACOLOGY} The incidence and degree of toxicity 
depend upon the procedure performed, and drug type, amount, and technique of administration. Adverse 
reactions in the parturient, fetus. and neonate involve alterations of the CNS, peripheral vascular tone. and 
cardiac function. 

Maternal hypotension has resulted from regionai anesthesia. Local anesthetics produce vasodilation by 
blocking sympathetic nerves. Elevating the patient's legs and left-side positioning will help prevent decrease 
in blood pressure. Fetal heart rate should be monitored continuously, preferably electronically. Epidural, 
caudai, or pudendal anesthesia may alter parturition through changes in uterine contractility or maternal 
expuisive efforts. Epidural anesthesia has been reported to prolong second-stage labor by removing the 
parturient’s refiex urge to bear down, or by interference with motor function. Use of obstetric anesthesia may 
increase need tor forceps assistance. 

Some loca! anesthetic drugs may diminish muscie strength and tone for the first day or two of life. It is 
unreported with bupivacaine. 

Ot extreme importance: Avoid aortocaval compression of the gravid uterus during administration of 
regional block. To do this, maintain the parturient in the left lateral decubitus position, or place a blanket roll or 
sandbag beneath the right hip to dispiace the gravid uterus away from the great vessels. 

Nursing Mothers: it is not known whether loca! anesthetics are excreted in human milk, because many 
drugs are administer with caution. 
Pediatric Use: Without further experience in children under 12, MARCAINE is not recommended for this 


roup. 

ADVERSE REACTIONS: A major cause of adverse reactions to amide-type local anesthetics is excessive 
plasma levels, possibly due to overdosage, unintentional intravascular injection, or slow metabolic degradation. 
Systemic: The most common acute experiences, demanding immediate countermeasures, involve the CNS 
and cardiovascular systems. Adverse events are generally dose-related and due to high plasma levels which 
may result from overdosage. rapid absorption from the injection site, diminished tolerance, or unintentional 
intravascular injection of the solution. in addition to systemic dose-related toxicity, unintentional subarach- 
noid injection during pertormance of caudal or lumbar epidural block or nerve blocks near the vertebral 
column (especially in the head and neck region} may result in underventilation or apnea. Atso. hypotension 
due to loss of sympathetic tone, and respiratory paralysis or underventilation due to cephalad extension of 
the motor level of anesthesia, may occur, leading to secondary Cardiac arrest it untreated. Factors influenc- 
ing plasma protein binding such as acidosis, systemic diseases which alter protein production or competi- 
tion of other drugs for protein binding sites, may diminish individual tolerance. 

Centraj Nervous System: Excitation and/or depression, restlessness, anxiety, dizziness, tinnitus, biurred 
vision, or tremors may occur, possibly convulsions. Excitement may be transient, depression being the first 
manifestation of an adverse reaction. Drowsiness merging into unconsciousness and respiratory arrest may 
quickly follow. Other CNS effects may be nausea, vomiting. chills, pupillary constriction. incidence of 
convulsions varies with the procedure used and total dose administered. in studies of epidural anesthesia, 
overt toxicity progressing to convulsions occurred in approximately 0.1% of procedures. 

Cardiovascular: High doses of unintentional intravascular injection may lead to high plasma levels and 
related myocardial depression, decreased cardiac output. heart block, hypotension, bradycardia, ven- 
tricular arrhythmia including ventricular tachycardia and ventricular fibrillation, and cardiac arrest (See 
WARNINGS, PRECAUTIONS, OVERDOSAGE } 

Allergic: Rare. and may occur as a result of sensitivity to the local anesthetic or to other formulation ingre- 
dients such as the antimicrobia! preservative methylparaben contained in multiple-dose vials or sulfites in 
epinephrine-containing solutions. Possibie reactions: unicaria, pruritus, erythema, angioneurotic edema 
(including laryngeal}, tachycardia, sneezing, nausea, vomiting, dizziness, syncope, excessive sweating, 
elevated temperature, perhaps anaphylactoid symptoms {including severe hypotension). Crosa-sensitivity 
among members of the amide-type anesthetic group reported: value of sensitivity screening is unestablished. 
Neurologic: incidence of adverse reactions associated with use of such drugs may be related to the total 
dose administered, and dependent upon the particular drug used. route of administration. and the patient's 
physical status. Many effects may be related to technique, with or without the drug being contributory. 

in performing caudal or lumbar epidural block, occasional unintentional penetration of the subarachnoid 
space by catheter or needle may occur. Subsequent adverse effects may depend partially on the amount ot 
drug administered intrathecally and physiologic and physical effects of dural puncture. High spinals are 
characterized by leg paralysis, joss of consciousness, respiratory paralysis, and bradycardia. Effects 
following epidural or caudal anesthesia may include: spinal biock of varying magnitude fincluding high or 
total spinal biock!: hypotension secondary to spinal block. urinary retention. fecal and urinary incontinence, 
loss of perineai sensation and sexual function, persistent anesthesia, paresthesia, weakness, paralysis at 
the lower extremities, and loss of sphincter control~all of which may show slow. incomplete. or no recovery: 
headache: backache: septic meningitis: meningismus; slowing of labor: increased incidence of forceps 
delivery: cranial nerve paisies due to traction on nerves from joss of cerebrospinal fluid. 

OVERDOSAGE: Acute emergency during therapeutic loca! anesthesia is generally related to high plasma 
jeveis or unintended subarachnoid injection of the solution. (See ADVERSE REACTIONS, WARNINGS. 
PRECAUTIONS} 

The first consideration in managementis prevention, best accomplished by caretul, constant monitoring of 
cardiovascular and respiratory vital signs and the patient's state of consciousness after each injection. At the 
first sign of change, administer oxygen. The first step in the management of systemic toxic reactions, as well 
as underventiation or apnea due to unintentional subarachnoid injection of drug solution, consists of 
immediate attention to the establishment and maintenance of a patent airway and effectwe assisted or 
controled ventilation with 100% oxygen with a delivery system capable of permitting immediate positive 
airway pressure by mask. Endotracheal intubation may be indicated to meet the need for prolonged ventilatory 
support or if difficulty is encountered in the maintenance of a patent airway. 

if necessary, use drugs to contro! convulsions. A 50-100 mg bolus LV. injection of succinyicholine will 
paralyze the patient (without CNS or cardiovascular depression) and facilitate ventilation. A 5-10 mg LV. 
bolus of diazepam, or 50-100 mg of thiopental, will permit ventilation and counteract ONS stimulation, but 
these drugs aiso depress CNS, respiratory and cardiac function, add to postictal depression, and may Cause 
apnea. intravenous barbiturates, anticonvulsant agents, or muscie relaxants should be administered only by 
those familiar with use. immediately after institution of ventilatory measures, circulatory adequacy shouid be 
evaluated; supportive treatment may require administration of LV. fluids and, when appropriate, a vasopres- 
sor dictated by the clinical situation (eg, ephedrine or epinephrine to enhance myocardial contractile force}. 

Recent clinica! data from patients experiencing convulsions induced by local anesthetics demonstrated 
rapid development of hypoxia, hypercarbdia, and acidosis, with bupivacaine, within a minute of onset. These 
observations suggest that O, consumption and CO, production are greatly increased curing the convui- 
sions and emphasize the importance of immediate ventilation with oxygen, if not treated effectively. convul- 
sions and their complications plus myocardial depression from direct effects of the iocai anesthetic may 
result in cardiac arrhythmias, bradycardia, asystole, ventricular fibrillation. or cardiac arrest. Respiratory 
abnormalities including apnea may occur: underventilation or apnea due to unintentional subarachnoid 
injection of the solution may also lead to these signs and cardiac arrest if ventilatory support is not insti- 
tuted If cardiac arrest occurs, prolonged resuscitative effort may determine a successful outcome. 

In treating systemic toxicity, maternal hypotension. or fetal bradycardia following regional block, avoid 
aortocaval Compression by the gravid uterus. The supine position is dangerous in pregnant women, The 
parturient should be maintained in the left lateral decubitus position if possible, or manual displacement ul 
the uterus off the great vessels be accomplished. (See Labor and Delivery in PRECAUTIONS } 
Composition of Marcaine Solutions: 0.25%-—each mi contains 2.5 mg bupivacaine. 0.5%—each mi 
contains 5 mg bupivacaine: 0.75%~—each mL contains 7.5 mg bupivacaine. Ail concentrations contain NaCl 
tor isotonicHy in Water for injection. 

in multiole-dose viais, each mi also contains 1 mg methylparaben. With epinephrine, each mL also 
contains 0.00691 mg epinephrine bitartrate, 0.5 mg sodium bisulfite, 0.001 mL monothiogiycerol, 2 mg 
ascorbic acid, 0.0017 mL 60% sodium lactate, and 0.1 mg edetate calcium disodium 


1, Ostheimer GW: Neurobehavioral effects of local anesthesia and 
fetal resuscitation. Reg Anesth 1981:6:136-145. 

2. Naulty JS, Ostheimer G, Datta S, et al: Bupivacaine in breast milk 
foliowing epidural anesthesia for vaginal delivery. Presented as a 
scientific poster at the Annual Meeting of the American Society of 
Regional Anesthesia, Lake Buena Vista, FL, March 23-27, 1983. 
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Fresh Frozen Plasma: 


Too Few Indications—Too Much Use 
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Do clinicians overuse fresh frozen plasma (FFP)? A 
continuing series of reports (1-4), mostly authored by 
blood bankers, suggests that they do, and now a Con- 
sensus Development Conference sponsored by the 
National Institutes of Health agrees (5). A panel of 
experts, including surgeons, anesthesiologists, hem- 
atologists and community representatives has con- 
cluded that 


the administration of FFP has increased dramati- 
cally in recent years despite the paucity of de- 
finitive indications for its use, 

there is no justification for the use of FFP as a 
volume expander or as a nutritional source, 

there is no documentation that FFP has a beneficial 
effect when used as part of the transfusion man- 
agement of patients with massive hemorrhage, 


there is no evidence that the prophylactic admin- 
istration of FFP decreases transfusion require- 
ments in multiple transfused patients who do 
not have documented coagulation defect, and 


there is little scientific evidence to support the in- 
creasing use of FFP in clinical medicine. 


Not only did the Consensus Development Confer- 
ence stress the relative paucity of indications for FFP, 
but it also reminded clinicians of the risks associated 
with its use. These include transmission of diseases 
such as hepatitis and possibly AIDS, as well as severe 
and occasionally fatal anaphylactoid reactions. Be- 
cause of the continuing widespread use of FFP despite 
its potential for serious complications and the rela- 
tively poor documentation of benefit, the conference 
also suggested that educational efforts be directed to 
students and to clinicians who use FFP. 

Most FFP is given to surgical patients, and a large 
proportion is used either during or shortly after the 
surgical procedure. For that reason anesthesiologists 
are one group who need to know clearly when FFP 
is indicated and when it is not. 
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Perhaps the most widespread misuse of FFP occurs 
when it is used arbitrarily in an attempt to prevent 
the development of factor deficiencies during blood 
replacement. Such an approach has no benefit (6) and 
has been singled out by the panel as unjustified unless 
factor deficiencies are present and presumed to be the 
“sole or principle derangement.” Anesthesiologists in 
particular should not consider FFP as a routine part 
of any replacement program, but should reserve its 
use for those cases in which there is both diffuse 
abnormal bleeding and documented coagulopathy. 
There is no justification for applying a potentially le- 
thal therapy in the absence of clear-cut and unequiv- 
ocal indications. These do not exist for the prophy- 
lactic use of FFP, and its use in such settings is 
contraindicated and improper. 

The conference addressed the concern that much 
FFP is cotranstused with red blood cells to provide a 
whole blood substitute and reminded clinicians that 
safer alternatives for volume replacement exist. Al- 
though red blood cell transfusions are needed to re- 
store deficient oxygen carrying capacity, circulating 
volume defects should be restored with colloids other 
than FFP or with crystalloid. There is no rationale for 
attempting to reconstitute whole blood by the simul- 
taneous infusion of red cells and FFP. 

What, then, is the appropriate role for FFP in cur- 
rent practice? It can and should be used to replace 
isolated factor deficiencies, for example, Factor V or 
Factor XI, when specific concentrates are not avail- 
able. It can be used when there is widespread bleed- 
ing and a documented coagulopathy, although many 
such patients will be thrombocytopenic and better 
served by platelet transfusions (7). Its use in actively 
bleeding patients with liver disease and a secondary 
coagulopathy may be justified, although adequate 
documentation of its value is not available. In such 
patients, however, relatively large volumes and rapid 
infusion are required. 

There is little in the medical literature or in the great 


850 ANESTH ANALG 
1985;64:849--50 


storehouse of “clinical experience” to suggest that 
FFP has a major role in bleeding surgical patients. 
Why its use has grown is an enigma, but it suggests 
that clinicians who face difficult situations respond 
by trying to “do something.” The time has come to 
perform additional controlled clinical experiments 
similar to those that have been recently reported (6) 
and to heed the data generated by them. We are past 
the time when any therapy—especially one as costly 
and as potentially dangerous as FFP—should be un- 
dertaken without better evidence of its efficacy. 


Joseph R. Bove, MD 
Department of Laboratory Medicine 
Yale University School of Medicine 
New Haven, CT 


EDITORIAL 
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Morphine—Caffeine Analgesic Interaction in Rats 


Donald L. Person, MD, Igor Kissin, MD, PhD, Pamela T. Brown, Bs, Anne V. Xavier, MD, 
H. Ronald Vinik, MD, and Edwin L. Bradley, PhD 





PERSON DL, KISSIN I, BROWN PT, XAVIER AV, 
VINIK HR, BRADLEY EL. Morphine-—caffeine analgesic 
interaction in rats. Anesth Analg 1985;64:851-6. 


The ability of caffeine to modify the effect of morphine on 
motor response to noxious stimulation was studied in 195 
rat experiments. Motor reaction responses to noxious stim- 
ult were studied in three series of experiments with three 
different techniques of mechanical tail stimulation. In each 
series of experiments, dose-response curves for morphine 
(probit analysis) were determined with and without the ad- 
dition of caffeine (30 mg - kg '). It was found that caffeine 
decreased morphine EDs values in all three series of ex- 
periments, from 1.1 to 0.6 mg - kg~' (P < 0.002), from 
3.2 to 2.5 mg- kg"! (P < 0.01), and from 13.2 to 6.2 
mg -kg + (P < 0.002). When caffeine was used alone in 


a dose of 30 mg - kg +, there were no significant changes 

in motor reaction responses with any of the three methods 
applied for the assessment of morphine—caffeine combina- 
tions. These data indicate that caffeine potentiates the in- 
hibitory effect of morphine on motor response to noxious 
stimulation in rats. It has been suggested that the effect of 
morphine on the motor response to somatic noxious stim- 
ulation results primarily from activation of inhibitory con- 
trol systems concerned with this response. Caffeine may 
modulate the antinociceptive effect of morphine by stimu- 
lating one of these systems. 


ANALGE- 
(DRUG)— 


Key Words: ANALEPTICS—caffeine. 
SICS—morphine. © INTERACTIONS 
caffeine—morphine. 





Recently it was found that caffeine strengthens the 
effect of morphine on the cardiac acceleration re- 
sponse to noxious stimulation in rat experiments (1). 
Early studies reported that another CNS stimulant— 
dextroamphetamine—enhances the analgesic effect 
of morphine in dogs and mice (2,3). It was also shown 
that the simultaneous administration of dextroam- 
phetamine in human volunteers enhances the effect 
of morphine on experimental pain (4), and the com- 
bination of dextroamphetamine and morphine was 
suggested for treatment of postoperative pain (5). Im- 
pressive new evidence exists for the efficacy of caf- 
feine as an analgesic adjuvant to acetaminophen, as- 
pirin, or their combination in patients with postpartum 
uterine cramping or episiotomy pain (6). 

The question arises as to whether the ability of 
caffeine to potentiate the antinociceptive effect of 
morphine is restricted to only the area of cardiovas- 
cular responses (1), or whether it may also manifest 
itself when somatic responses to painful stimulation 
are concerned. In the latter case, caffeine may be re- 
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garded as an analgesic adjuvant not only to analgesic- 
antipyretics; the possibility of its use as an analgesic 
adjuvant to opioids also should be considered. The 
aim of the present study was to demonstrate that 
caffeine can strengthen the effect of morphine on so- 
matic responses to noxious stimulation. 


Methods 


Experiments were performed on 195 male Sprague- 
Dawley rats weighing 275-350 g. The effects of mor- 
phine— -caffeine combinations on somatic response to 
noxious stimulation were studied using two methods: 
gradual compression test suggested by Green et al. 
(motor reaction threshold to pressure (7)), and a mod- 
ified Haffner technique (motor response to tail-clamp 
(8)). 

Reaction threshold was determined with an An- 
algesy-meter (Ugo Basile, Milan, Italy), a device that 
provides increasing pressure. The rat's tail was po- 
sitioned on a Teflon platform and the pressure plate 
(0.7 mm edge) attached to the device was placed 1-2 
cm from the tip of the tail (the rat was held by the 
experimenter’s hand). Pressure was increased at a 
constant rate of 80 g/sec until the animal made an 
attempt to escape (coordinated struggle). The pres- 
sure at that moment was recorded, and the mean of | 
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Table 1. Series of Experiments 
Series Number 





PERSON ET AL. 


rennin merrier ements rn vreeernnneparynnmetut nutter eens 


Methods Agents 
I 20 Motor reaction threshold to gradual tail-compression’ (graded response) Caffeine 
i(A) 10 Vocalization threshold to electrical tail-stimulation (graded response) Caffeine 
KB) 10 Tail-flick to hot water (graded response) Caffeine 
I 50 Motor reaction to gradual tail-compression“ with cutoff pressure of 619 Morphine vs 
g (quantal response) morphine—caffeine 
IH 50 Motor reaction to gradual tail-compression? with cutoff pressure of 1240 Morphine vs 
g (quantal response) morphine-caffeine 
IV 99 Motor reaction to tail-clamp (quantal response) Morphine vs 


morphine—caffeine 


“Compression with the use of “Analgesy-meter.” See explanations in Methods. 


three consecutive measurements was taken as the in- 
dividual reaction threshold. The reaction threshold 
was determined in control and treated animals (graded 
response to an agent). 

In the series of experiments in which analgesic ac- 
tion was assessed as a quantal response to an agent 
(with probit analysis), the following two approaches 
were used to obtain quantal data. In a group of 20 
nontreated rats, the mean reaction threshold to pres- 
sure was determined, which was equal to 431 g with 
the standard deviation 94 g. With the first approach 
(9), the effect in the treated animal was designated 
positive if the individual reaction threshold to pres- 
sure exceeded the nontreated group mean threshold 
by two standard deviations of the mean. This resulted 
in a cutoff pressure of 619 g (431 + 94 x 2 = 619 g). 
With the second approach, the cutoff pressure was 
doubled; and, therefore, if an animal did not respond 
to pressure less than 1240 g, the effect was scored as 
positive. 

With the Haffner technique, noxious stimulation 
was induced by placement of a hemostat on the tail 
(pressure of 0.3 kg/mm?) for 60 sec. In nontreated rats, 
this stimulation always caused immediate biting of 
the hemostat. Only the absence of purposeful move- 
ment response to stimulation was considered a pos- 
itive effect of a dose. The use of the three tests— 
reaction threshold with cutoff pressures of 619 g and 
1240 g as well as tail-clamp technique—resulted in 
application of different intensities of noxious stimu- 
lation that gave the opportunity to study caf- 
feine-morphine interaction at different dosage levels 
of morphine. 

During the course of the study, we found that there 
was a need for two additional series of experiments 
with caffeine alone. The following two methods were 
used in these series: tail-flick to hot water (10) and 
vocalization response to electrical tail stimulation (11). 
With the tail-flick method, the rat’s tail was put into 
water maintained at 55°C, and the reaction time for 


its withdrawal after immersion was recorded. With 
electrical tail stimulation, the electrodes were placed 
in the tail at a distance of 2 cm apart. Stimulation was 
provided by a Grass S88 stimulator with the following 
parameters: frequency, 125 Hz; stimulus duration, 1.6 
msec; duration of stimulation, 1 sec. Stimulus inten- 
sity was gradually increased in steps of 0.25 V until 
an animal responded with a squeak. 

The series of experiments performed are listed in 
Table 1. In series I, the effect of caffeine on motor 
reaction threshold to gradual tail compression was 
studied in four groups of animals receiving 0 mg - kg! 
(control); 10 mg: kg` t; 30 mg-kg~™'!; and 100 
mg - kg”! of caffeine. Each group consisted of five 
animals; caffeine was injected intraperitoneally 30 min 
before testing. In the control group, animals received 
an injection of saline. Because results obtained in this 
series of experiments were in disagreement with the 
results reported by Paalzow and Paalzow (11), who 
used an electrical tail stimulation for reaction thresh- 
old measurements, two additional series of experi- 
ments were performed. In one of these, vocalization 
threshold to electrical tail stimulation (I(A)) was used. 
Caffeine was administered in a dose of 100 mg - kg `’, 
intraperitoneally, 30 min before testing. Control (sa- 
line) and treated groups (five animals in each) were 
compared. The method, the dose of caffeine, and the 
time interval after injection were chosen to have con- 
ditions similar to those giving maximal effect in the 
Paalzow and Paalzow experiments. In experiments 
with tail-flick to hot water (I(B)), two groups of five 
animals were used—control (saline) and caffeine (100 
mg : kg ', intraperitoneally, 30 min before testing). 

In series II, the effect of caffeine on the morphine 
dose-response curve was investigated for the reaction 
threshold with a cutoff pressure of 619 g. There were 
two subseries of experiments, one with morphine alone 
and another with morphine—caffeine combinations. 
The dose-response curve for morphine was deter- 
mined as described in our previous experiments (12). 


MORPHINE-CAFFEINE ANALGESIC INTERACTION 


Briefly, five groups of five rats constituted a morphine 
dose-response curve. In one group of animals, the 
dose of morphine was low enough so that all animals 
were unaffected, and in another group, it was high 
enough so that all were affected. Dose levels for these 
two groups were determined in preliminary experi- 
ments. In the three remaining groups, the doses of 
the drug were spaced between the above mentioned 
marginal doses. When morphine was used with caf- 
feine, the dose of caffeine was kept constant in all 
five groups of rats. Both morphine and caffeine were 
injected intraperitoneally, 30 min before testing (when 
morphine was used alone, an injection of saline served 
as a substitute for the injection of caffeine). For the 
subseries of experiments in which morphine was used 
alone (five groups of animals), its doses were 0.6, 0.8, 
1.0, 1.3, and 1.5 mg: kg™'. In another subseries of 
experiments, with the addition of caffeine, morphine 
doses were 0.4, 0.5, 0.6, 0.8, and 1.0 mg « kg '. Caf- 
feine was added in a dose of 30 mg - kg”! for all five 
groups of animals. 

In series III, the effect of caffeine on the morphine 
dose-response curve was investigated with a doubled 
cutoff pressure (1240 g). This allowed the investiga- 
tion of morphine—caffeine interaction at much higher 
doses of morphine. In the subseries of experiments 
where morphine was used alone, its doses were 2.0, 
2.5, 3.0, 4.0, and 5.0 mg - kg '. In the subseries of 
experiments with the addition of caffeine (30 
mg - kg` t), morphine doses were 2.0, 2.2, 2.5, 3.0, 
and 4.0 mg : kg™'. 

In series IV, the effect of caffeine on the morphine 
dose-response curve was investigated by use of the 
Haffner technique. This technique allowed us to study 
the morphine—caffeine interaction at even higher doses 
than those in series III. In the subseries in which 
morphine was used alone, its doses were 7, 10, 15, 
20, and 30 mg « kg '. In the subseries with caffeine 
(30 mg - kg~') added, morphine doses were 2, 3, 7, 
10, 15, and 20 mg - kg '. Morphine sulfate was ob- 
tained from Mallincroft and caffeine from Sigma. In- 
jection volumes ranged from 0.3-0.4 ml for morphine 
and 0.4—0.5 ml for caffeine or saline. 

In the graded data analysis, the differences among 
the means of each dosage level were compared by 
one-way analysis of variance. Pairwise comparisons 
between means of caffeine and control groups were 
made by Fisher's protected least significant difference 
test. In the quantal data analysis, the probit method 
was used (13). The EDs) values were compared via 
an asymptotic normal test for regression estimates. 
Calculations were performed on an IBM 4381 com- 
puter. Animal care standards in this study were in 
accordance with federal and institutional policy and 
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Figure 1. The effect of caffeine on reaction threshold to pressure. 
The open column represents the control (saline) group (5 animals), 
each hatched column represents a group of five animals receiving 
10, 30, and 100 mg - kg`? of caffeine, respectively. 


standards of the American Association for Accredi- 
tation of Laboratory Animal Care as specified in the 
Guide for Care and Use of Laboratory Animals (14). 


Results 


Figure 1 shows the effect of caffeine on motor reaction 
threshold to gradual tail compression. Caffeine in doses 
30 and 100 mg - kg`’ caused a significant increase in 
the threshold from 421 + 21 g (control group) to 553 
+ 44 g (P < 0.05) and 672 + 64 (P < 0.001), respec- 
tively (M + SEM). 

In experiments with vocalization threshold to elec- 
trast to the previous series of experiments, decreased 
the reaction threshold (by 61%, P < 0.01). At the same 
time, when tail-flick response to hot water was used, 
caffeine (100 mg - kg` t) increased the reaction time 
(by 60%, P < 0.05), which was indicative of the an- 
algesic action. 

The results of the study of caffeine-morphine in- 
teraction are presented in Table 2. EDs values for 
morphine obtained in all three series of experiments 
(series II, HI, and IV, see Table 1) were significantly 
decreased when caffeine (30 mg - kg +) was added. 
The changes were the following: from 1.1 to 0.6 
mg : kg~' (P < 0.002); from 3.2 to 2.5 mg: kg™! 
(P < 0.01); and from 13.2 to 6.2 mg > kg~' (P < 0.002). 
The above EDs y values were obtained from the 
dose-response curve data. Figure 2 illustrates the 
morphine dose-response curve with and without the 
addition of caffeine obtained in one of these three 
series of experiments (motor reaction to gradual tail . 
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Table 2. The Effect of Caffeine on the Analgesic Activity of Morphine 
Morphine EDs. 
Test Modulator Number (mg-kg~’)° P value 
Motor reaction to gradual tail compression None 25 1.1 (0.8-1.4)/ P < 0.002 
with cutoff pressure 619 g“ Caffeine” 25 0.6 (0.5-0.8) i 
Motor reaction to gradual tail compression None 25 3.2 (2.6-3.9) P < 0.01 
with cutoff pressure of 1240 g° Caffeine” 25 2.5 (2.1-2.9) i 
Motor reaction to tail clamp None 25 13.2 (9.5~17.3) P < 0.002 
Caffeine” 30 6.2 (3.5-9.4) ` 


“See explanation in the Methods. *Caffeine 30 mg'kg`', intraperitoneally, 30 min before the test. ‘Morphine was injected intraperitoneally, 30 min before 


the test. “95% fiducial limits. 


compression with cutoff pressure of 619 g). As one 
can see, caffeine moved the morphine dose-response 
curve to the left along the dose axis. It strengthened 
the effect of morphine on motor response to gradual 
tail compression. 


Discussion 


We have found that caffeine, in doses of 30 and 100 
mg -kg~', increased motor reaction threshold to 
gradual tail compression. This was a relatively mild 
increase in the threshold measured as a graded re- 
sponse to the agent. With the assessment of analgesic 
action in the quantal form, 30 mg - kg~’ of caffeine 
increased the threshold above the first cutoff pressure 
level (619 g) in only one of five rats, the 100 mg - kg~? 
of caffeine increased the threshold above the first cut- 
off pressure level in three of five rats. Neither the 
gradual compression test, with quantal approach at 
the second cutoff pressure level (1240 g), nor the tail- 
clamp test showed any analgesic effect of caffeine. 
Paalzow and Paalzow (11) reported that caffeine 
(25-100 mg - kg~', intraperitoneally) decreased the 
thresholds for motor and vocalization responses to 
electrical tail stimulation in rats. Because the changes 
of the thresholds after caffeine administration ob- 
tained in the experiments of Paalzow and Paalzow 
and in our study were in opposite directions, we car- 
ried out two additional series of experiments. One 
series was performed with the method of electrical 
tail stimulation. This series of experiments resulted 
in findings very similar to those reported by Paalzow 
and Paalzow: caffeine (100 mg - kg~') produced a de- 
crease (by 61%) in the vocalization threshold to elec- 
trical tail stimulation. When another method of as- 
sessing analgesic activity was used, tail-flick response 
to hot water, 100 mg - kg~' of caffeine caused an ef- 
fect compatible with that obtained in compression test 
experiments: an increase in tail-withdrawal reaction 
time. The ability of agents with analgesic activity to 


produce different results with different pain tests is 


well known (15-17). Melzack et al. are of the opinion 
that the differences in the type of noxious stimulation 
and in motor responses required in various pain tests 
are crucial in determining analgesic influence (16). It 
is also possible to suggest that, with electrical tail 
stimulation, the well-known stimulatory effect of caf- 
feine on the locomotor activity can somehow disguise 
its analgesic effect. Morichi and Pepeu (18), who used 
electrical tail stimulation to study hydroxyzine— 
morphine interaction, have found that this test, in 
contrast to the tail flick method, was not very specific 
for detecting antinociceptive action. They suggested 
that electrical tail stimulation “appears to be affected 
by drugs acting outside the nociceptive system.” 

Three approaches used in this study for the deter- 
mination of morphine dose-response curves (gradual 
compression test with two cutoff pressures and tail 
clamp test) resulted in morphine EDso values of 1.1., 
3.2, and 13.2 mg - kg~*. These values occurred within 
the range of reported analgesic doses for morphine 
in rodents with the intraperitoneal route of drug 
administration (19-23). The use of three morphine 
dose-response curves allowed us to investigate the 
ability of caffeine to interact with various doses of 
morphine from relatively small doses to large ones 
that are required to block very strong noxious 
stimulation. 

With all three approaches, it was found that caf- 
feine (30 mg - kg~*) strengthened the analgesic action 
of morphine. Morphine EDs values were decreased 
by 45, 22, and 53%. The caffeine dose of 30 mg - kg™* 
was chosen for the study of morphine-caffeine in- 
teraction because it produced a mild effect on the 
reaction threshold (an increase in reaction threshold 
from 421 + 21 to 553 + 44 g, P < 0.05). In the ap- 
proaches where analgesic action was assessed as a 
quantal response to an agent, this mild effect of caf- 
feine was undetectable when given alone. Therefore, 
the increase in morphine analgesic activity with the 
addition of caffeine should be regarded as potentiation. 

It previously was reported that caffeine strength- 
ened the effect of morphine on cardiac acceleration 
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Figure 2. The effect of caffeine on the morphine dose-response 
curve for motor reaction to tail compression. Analgesic action was 
assessed as a quantal response to the agent. The effect in a treated 
animal was designated as positive if individual reaction threshold 
to pressure exceeded the nontreated group mean threshold by two 
standard deviations of the mean (cutoff pressure of 619 g, see 
Methods for explanations). The vertical axis shows the percentage 
of animals with reaction threshold that was above the cutoff pres- 
sure level (probit scale). Each dot represents a group of five animals 
at the indicated dosages (log scale). 


response to noxious stimulation in rats (1). This study 
shows that the ability of caffeine to potentiate the 
antinociceptive effect of morphine is not restricted 
only to one specific area; it is related to both somatic 
and autonomic responses to noxious stimulation. 

Impressive new evidence exists for the efficacy of 
caffeine as an analgesic adjuvant for acetominophen 
and aspirin in patients with acute pain (6). The ability 
of caffeine to potentiate the effect of aspirin also was 
reported in rat experiments including the use of in- 
flamed paw pressure technique (24). The authors also 
reported that caffeine potentiates the antiinflamma- 
tory action of aspirin. They suggested that potentia- 
ton of the antiinflammatory activity probably ac- 
counts for the potentiated analgesia produced by the 
combination of aspirin and caffeine. The ability of 
caffeine to strengthen the analgesic effect of mor- 
phine, in our experiments, suggests that the central 
action of caffeine may be at least partially involved in 
a similar outcome of caffeine—aspirin analgesic 
interaction. 

It has been reported that another CNS stimulant— 
dextroamphetamine—enhances the analgesic effect 
of morphine. This effect was confirmed in experi- 
ments using humans and animals (2-5,25). Amphet- 
amine, in contrast to caffeine, has an adrenergic 
mechanism of action. However, it should be kept in 
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mind that methylxanthines are able to increase the 
central noradrenaline turnover (26-28). In recent years, 
it has been shown that there are multiple adrenergic 
and nonadrenergic control systems modulating the 
antinoceptive effect of morphine (29-31). Caffeine may 
modulate the antinociceptive effect of morphine by 
stimulating one of these systems. 

Rat experimental data and human clinical experi- 
ence are difficult to correlate. From the present study 
it is possible to conclude only that caffeine, in terms 
of biological activity, has the potential to modulate 
the analgesic effect of morphine. It remains to be proven 
that this potential can manifest itself in clinical 
situations. 

In conclusion, our data indicate that caffeine po- 
tentiates the inhibitory effect of morphine on motor 
response to noxious stimulation in rats. 


References 


I. Kissin I Jebeles JA. Pentobarbital antagonizes the effect of 
morphine on cardiac acceleration response to noxious stimu- 
lation. Anesth Analg 1984;63:669-72. 

Goetz] FR, Burrill DY, Ivy AC. Analgesic effect of dextro- 

amphetamine alone and in combination with morphine sulfate. 

Fed Proc 1943;2:16. 

. Goetz] FR, Burrill DY, Ivy AC. The analgesic effect of morphine 
alone and in combination with dextro-amphetamine, Proc Soc 
Exp Biol Med 1944;55:248—250. 

4. Ivy AC, Goetz! FR, Burrill DY. Morphine-dextro-amphetamine 

analgesia. War Medicine 1944;6:67-71. 

5. Forrest WH Jr, Brown BW, Brown CR, et al. Dextro-amphet- 

amine with morphine for the treatment of postoperative pain. 
N Engl | Med 1977;296:712-5. 

6. Laska EM, Abraham S, Mueller F, et al. Caffeine as an analgesic 

adjuvant. JAMA 1984;251:1711-8. 

7. Green AF, Young PA. A comparison of heat and pressure 

analgesiometric methods in rats. Br } Pharmacol 1951;6:572—85. 


bh 


Lod 


8. Haffner F. Experimentelle Pruefung schmerzstillender Mittel. 
Dtsch Med Wochenschr 1929:55:731-3, 


9. Swingle KF, Grant T], Kvan DC. Quantal responses in the 
Randall-Sellito assay (35615). Proc Soc Exp Biol Med 
1971;137:536-—8. 


10. Janssen PAJ, Neimegeers CJE, Dony JGH. The inhibitory effect 
of fentanyl and other morphine-like analgesics on the warm 
water induced tail withdrawal reflex in rats. Arzneimit- 
tel~Forschung 1963;13:502. 


IL. Paalzow G, Paalzow L. The effects of caffeine and theophylline 
on nociceptive stimulation in the rat. Acta Pharmacol Toxicol 
1973;32:22-32. 

12. Kissin l, Kerr CR, Smith LR. Assessment of anaesthetic action 
of morphine and fentanyl in rats. Can Anaesth Soc | 
1983;30:623-8. 

13. Finney DJ. Probit analysis. London: Cambridge University Press, 
1952. 

14. Guide for the care and use of laboratory animals. DHEW Pub- 
lication No (NIH) 78-23. Washington, DC:US Government 
Printing Office, 1978. 

15. Dennis SG, Melzack R, Gutman S, Boucher F. Pain modulation 
by adrenergic agents and morphine as measured by three pain 
tests. Life Sci 1980;26:1247-59. 


856 


16. 


17. 


18. 


19, 


20. 


21. 


ANESTH ANALG 
1985;64:851—6 


Dennis SG, Melzack R. Pain modulation by 5-hydroxytrypta- 
minergic agents and morphine as measured by three pain tests. 
Exp Neurol 1980;69:260-70. 


Cohen SR, Abbott FV, Melzack R. Unilateral analgesia produced 
by intraventricular morphine. Brain Res 1984;303:277-87. 


Morichi R, Pepeu G. A study of the influence of hydroxyzine 
and diazepam on morphine Aisin a in the fat. Pain 
1979;7:173-80. 


D’ Amour FE, Smith DL. A aano for determining loss of pain 
sensation. J Pharmacol Exp Ther 1941;72:74-9. 


Bonnycastle D, Cook L, Ipsen J. The action of some analgesic 
drugs in intact and chronic spinal rats. Acta Pharmcol Tox 
(Kbh) 1953;9:332. 

Bianchi C, Franceschini J. Experimental observations on Haff- 


ners method for testing analgesic drugs. Br J Pharmacol 
1954;9:280—4. 


. Proudfit HK, Anderson EG. Morphine analgesia: blockade by 


raphe magnus lesions. Brain Res 1985;98:612-8. 


. Leander JD. Comparison of morphine, meperidine, anileridine, 


and alphaprodine on schedule-controlled responding and an- 
algesia. Pharmacol Biochem Behav 1980;12:797-801. 


24. 


27. 


Sigg EB, Caprio G, Schneider JA. Syner 


PERSON ET AL. 


Vinegar R, Tniax.JF, Selph JL, Wėlch RM, White HL. Poten- 
tiation of the anti-inflammatory and analgesiċ activity’of aspirin 
by caffeine in the rat. Proc Soc Exp Biol ase 19763451 :556-60. 


m of amines and 
ear of reserpine to morphine analgesia. Proc Soc Exp 
Biol 


ed 1958;97:97-—-100. 


. Berkowitz BA, Tarver JH, Spector S. Release of norepinephrine 


in the central nervous system by theophylline and caffeine. 
Eur J Pharmacol 1970;10:64—71. 


Waldeck B. Some effects of caffeine and aminophylline on the 
turnover of catecholamines in the brain. J Pharm Pharmacol 
1971;23:824-30. 


. Corrodi H, Fuxe K, Johsson G. Effects of caffeine on central 


monoamine neurons. ] Pharm Pharmacol 1972;24:155-8. 


29. Zemlan FP, Corrigan SA, Pfaff DW. Noradrenergic and sero- 


31. 


tonergic mediation of spinal analgesia mechanisms. Eur J Phar- 
maco] 1980;61:111~24. - 


. Watkins LR, Mayer DJ. Organization of endogenous opiate and 


nonopiate pain control systems. Science 1982;216:1185~92. 


Fields HL. Neurophysiology of pain and pain modulation. Am 
] Med 1984;77:2-8. 


ANESTH ANALG 857 
1985;64:857—-63 








Analgetic Contribution of Sufentanil during Halothane Anesthesia: 


A Mechanism Involving Serotonin 


+ 


John S. Althaus, Ms, Edward D. Miller, JR, MD, Jeffrey C. Moscicki, Ms, 
Bernice R. Hecker, MD, and Cosmo A. DiFazio, MD, PhD 








ALTHAUS JS, MILLER ED, MOSCICKI JC, HECKER BR, 
DIFAZIO CA. Analgetic contribution of sufentanil during 
halothane anesthesia: a mechanism involving serotonin. 
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Catecholamine and serotonin concentrations in the cord, 
medulla, and hypothalamus were measured in rats after 
saline, after sufentanil sufficient to reduce the minimum 
alveolar concentration (MAC) of halothane by 30% or less, 
or after sufentanil sufficient to reduce the MAC of halothane 
by 80% or more. In the cord, high doses of sufentanil re- 
sulted in a 13.4% reduction (P < 0.05) in serotonin con- 
centration compared to saline control and a 17.4% reduction 
(P < 0.05) tn serotonin concentration compared to low 


dosages of sufentanil. A 12.8% reduction (P < 0.05) in 
medullary serotontn also was observed with high sufentanil 
compared to low sufentanil. Epinephrine decreased signif- 
icantly in the hypothalamus at the high sufentanil dose. No 
other significant differences were found in catecholamine 
content. The experimental results support the hypothesis 
that sufentanil may contribute to an analgetic component 
of general anesthesia by modulating nociception via the re- 
lease of 5-HT. 


Key Words: ANESTHETICS, vo_atite—halothane. 
ANESTHETICS, intrRAVENOUS——sufentanil. BRAIN— 
serotonin. SEROTONIN —cerebral. 








Sufentanil is a substituted derivative of fentanyl that 
is more potent and less toxic than fentanyl or mor- 
phine (1). Recently sufentanil was shown to reduce 
the minimum alveolar concentration (MAC) of halo- 
thane by more than 90% in rats (2). 

Evidence suggests that central monoamines may 
play an important role in the analgetic control of anes- 
thesia, although this has not been clearly elucidated. 
Yaksh and Tyce showed that microinjections of mor- 
phine into the periaqueductal gray (PAG) evoked the 
release of serotonin from the spinal cord (3). These 
injections resulted in analgesia that could be reduced 
by inhibition of 5-HT terminals in the spinal cord (4). 
Wang showed that the direct intrathecal administra- 
tion of serotonin resulted in antinociception (5) and 
mimicked the analgetic effect of morphine injected 
into the PAG, as reported by Yaksh and Tyce. When 
the PAG was electrically stimulated in human pa- 
tients, Newfield et al. (6) found that halothane MAC 
was reduced by 73%. Ahtee showed that chronic mor- 
phine administration decreased 5-HT in rat brains (7). 
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These findings suggest that the ability of narcotics to 
contribute to an analgetic component of general anes- 
thesia may be related to modulation of nociception 
by the narcotic activation of 5-HT release in central 
nervous system tissues. To test this possibility fur- 
ther, we have measured concentrations of mono- 
amines in nervous tissue in three groups of rats. One 
group, receiving only halothane anesthesia at 1 MAC, 
was designated as the control. The other two groups 
were designated as the low-dose and the high-dose 
sufentanil groups. The proposed mechanism of hal- 
othane MAC reduction by narcotics would be sup- 
ported if our data showed a relationship between in- 
creased dosages of sufentanil and decreased levels of 
5-HT in central nervous system tissue. 


Methods 


Halothane MAC and reductions in halothane MAC 
were established as reported previously (2). Briefly, 
19 Sprague-Dawley rats weighing 250-350 g were 
anesthetized with halothane and then were intu- 
bated. Ventilation was controlled with a Harvard an- 
imal respirator. Arterial blood—gas tensions were kept 
normal throughout each experiment. The femoral ar- 
tery and vein of the rats were cannulated using PE50 
tubing. Heart rate and colonic temperature were mon- 
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Medulia 


itored. Alveolar concentrations of halothane were as- 
sayed by gas liquid chromatography with flame ion- 
ization detection. Halothane MAC in the presence 
and absence of sufentanil was established according 
to the method described by Eger et al. (8). MAC was 
considered to be the point midway between the high- 
est concentration of halothane that produced a pos- 
itive test and the lowest concentration of halothane 
that produced a negative test. After an intravenous 
bolus that was three times the subsequent infusion 
rate per minute, sufentanil was administered to the 


amines were measured in the brains of three groups 
of rats. One group, receiving 1 MAC of halothane 
(vol% 0.74 + 0.06), was designated the control. The 
other two groups were determined based on a 
dose-response curve relating percent halothane MAC 
reduction to the infusion of increasing concentrations 
of sufentanil (2). Nine rats associated with data lo- 
cated above the inflection point of the curve 


or greater) were grouped together and are referred to 
as the high-dose sufentanil group. Ten rats associated 
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Figure 1. Tissue concentrations of sero- 
tonin in the cord, medulla, and hypo- 
thalamus of rats treated with no sufentanil 


kapd 


K p<0.05 by (control), sufentanil at 7 x 105 
unpaired t mgkg min”! or less (low) and sufen- 
to Control tanil at 1 x 10°* mgkg min` or more 

(high). Data represent mean values + SEM. 

T p<0.05 by 
unpaired t 
to Low 


duction or less) were grouped together and are re- 
ferred to as the low-dose sufentanil group. 

Immediately after the conclusion of each experi- 
ment, anesthetized rats were given a slow intrave- 
nous 1-ml injection of 5% Naz EDTA in saline to con- 
trol chemical and enzymatic breakdown of bioamines. 
The spinal cord was then severed above the fifth ver- 
tebra, and the brain and cord were removed intact 
and chilled. The cord was sectioned away from the 
medulla, and the medulla and hypothalamus were 
dissected according to the guidelines of Glowinski et 
al. (9). Tissues were then frozen at — 80°C and stored 
for subsequent analysis. 

Tissues were weighed and added to test tubes con- 
taining 1 mi of an extraction solution composed of 
75% ethanol containing n-methyl serotonin, an inter- 
nal standard for 5-HT, and dihydroxybenzylamine, 
an internal standard for catecholamines. Samples were 
homogenized using a Brinkman polytron and centri- 
fuged. A 200-yl aliquot of the supernatant was ob- 
tained for determination of 5-HT content. One ml of 
0.1 N perchloric acid was added back to the pellet, 
mixed with the supernatant remaining, and centri- 
fuged. The supernatant from this step was decanted 
and used for the determination of catecholamine 
content. 
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Figure 2. Tissue concentrations of nor- 4 | 
epinephrine in the cord, medulla, and hy- ~ 
pothalamus of rats treated with no sufen- 
tanil (control), sufentanil at 7 x 107° o 800, 
mgkg`^min™' or less (low) and sufen- & 
| z 


tanil at 1 x 10°* mg'kg` min`’ or more 
(high). Data represent mean values + SEM. 
No significant differences were observed. 


Tissue 


Serotonin was asssayed by high-performance liq- 
uid chromatography (HPLC) after a modified proce- 
dure of Lyness et al. (10). Briefly, the ethanolic brain 
extract was loaded onto a small column containing 
Bio-Rad cation exchange resin. The resin was washed 
with 0.02 M phosphate buffer, washed with distilled 
H-O, and eluted with 2 M (NH,4).SO, to deadsorb 
SHT. A 200-1 aliquot of the eluate was injected onto 
an octadecylsilane (ODS) column. Serotonin and its 
internal standard were resolved and detected electro- 
chemically with a 50-pg sensitivity threshold. The mo- 
bile phase was composed of Na EDTA (400 mg-L “*), 
monochloroacetate (9.45 g-L~'), acetonitrile (70 mlL~ t) 
and alkalinized to pH 3 with NaOH. The flow rate 
was 2 miL '. 

Catecholamines were assayed by HPLC after the 
procedure of Woodside et al. (11). Briefly, the per- 
chloric acid extract was alkalized to pH 8.6, and cate- 
cholamines were adsorbed to alumina. The alumina 
was washed with distilled water and catecholamines 
eluted with 200 ul of 0.1 N perchloric acid. This eluate 
was injected and separated by a 5-um ODS column. 
Catecholamines were detected electrochemically with 
a 30-pg sensitivity threshold. The mobile phase was 
composed of sodium octylsulfate (660 mg-L~’), 
Na EDTA (400 mg-L~'), monochloroacetate (9.45 
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Mean values + standard error of the mean (SEM) 
were calculated. Statistical differences were deter- 
mined using the two-sample t-test, where P < 0.05 
was considered significant. 


Results 


Tissue levels of serotonin in the cord, medulla, and 
hypothalamus were compared (Fig. 1) in control rats 
and in rats given two different doses of sufentanil. In 
the cord, high doses of sufentanil resulted in a sig- 
nificant (P = 0.047) 13.4% reduction in serotonin lev- 
els below levels observed in the control group and a 
significant (P = 0.018) 17.4% reduction in serotonin 
below levels observed after low doses of sufentanil. 
The difference between cord levels of serotonin in the 
control group and in the low-dose sufentanil group 
was not statistically significant. In the medulla and 
hypothalamus, the serotonin levels tended to change 
in the same way as in the cord, but only the 12.8% 
difference between low- and high-dose groups in the 
medulla was significant (P = 0.020). Levels of nor- 
epinephrine (NE) and dopamine (DA) in the cord, 
medulla, and hypothalamus were not significantly 
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Figure 3. Tissue concentrations of dopa- 
mine in the cord, medulla, and hypo- 
thalamus of rats treated with no sufentanil 
(control), sufentanil at 7 x 107° 
tanil at 1 x 10°* mg-kg“'smin~' or more 
(high). Data represent mean values + SEM. 
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different for any of the three groups (Figs. 2, 3). There 
also were no significant differences in cord or med- 
ullary epinephrine levels (Fig. 4), but in the hypo- 
thalamus a significant (P = 0.004) reduction in epi- 
nephrine was found when comparing the high-dose 
sufentanil group to the control group. 


Discussion 


The anesthetic action of halothane has been studied 
in terms of monoamine changes in brain tissues. Diaz 
et al. (12) found that 0.75% halothane resulted in a 
10% decrease in rat cerebral 5-HT after 2 hr. Con- 
versely, Roizen et al. (13), using a microdissection 
technique on the rat brain, showed increased 5-HT in 
the nuclear amygdaloideus centralis, substantia nigra, 
and nucleus centralis superior after about 90 min of 
exposure to 1% halothane. Similar halothane concen- 
trations were reported by Ngai et al. (14) to increase 
NE in rat whole brain and by Roizen et al. (15) to 
increase NE and DA in discrete rat brain regions. Berl 
et al. (16), however, demonstrated that clinical levels 
of halothane facilitated release of radiolabeled NE trom 
synaptosomes prepared from rat brain. We have con- 
firmed this by measuring endogenous release of NE 
from synaptosomes (17). Furthermore, our results also 
were associated with decreased intracellular NE con- 
tent. The interpretation of these results is difficult, 


but more importantly, as Roizen et al. stated (13), 
changes in levels of transmitter do not establish a 
cause and effect relationship. 

In order to understand causality, one approach has 
been to alter central monoamine content pharmaco- 
logically or surgically, followed by an assessment of 
the effect on anesthetic potency. In general, drugs 
that produce global depletion of monoamines cause 
a decrease in the anesthetic requirement of halothane 
(18,19). Specifically, Mueller et al. (18) found that the 
decrease in halothane MAC (10-27%) was small com- 
pared to extensive depletion of central monoamines 
(50-86%) after drug treatment. Roizen et al. (20) ef- 
fected more pronounced decreases in halothane MAC 
(31-35%) by specific brain lesions of the locus ceru- 
leus, nucleus raphe dorsalis, and ventral bundle. These 
lesions resulted in extensive depletion (75-86%) of 
cortical NE and 5-HT, as well as hypothalamic NE. 
Even though specific monoamine ablation of brain- 
stem regions resulted in greater MAC reduction than 
global monoamine depletion by drugs, the treatment 
was far less effective in reducing MAC than sufentanil 
administration. In one study, sufentanil doses of 
10-3mg-kg~ !-min~! reduced MAC in some cases by 
more than 90% but (2) were associated with only a 
small 5-HT depletion of 17% or less. Unlike the studies 
above showing extensive 5-HT depletion resulting in 
small reductions in halothane MAC, we observed far 
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less 5-HT depletion associated with much greater re- 
ductions in halothane MAC with sufentanil. This 
finding suggests that the sufentanil-dependent de- 
pletion of central 5-HT alone was not the primary 
cause of MAC reduction observed in our experiments. 
Instead, a more plausible explanation is that MAC 
reduction with sufentanil resulted from a narcotic- 
dependent increase in 5-HT release as previously noted 
(3-5). The small but significant depletion of 5-HT was 
an important indicator of a release process having 
taken place. 

The assumption that 5-HT depletion resulted from 
increased release is justified if the rates of synthesis 
and of reuptake are less than the rate of release. Evi- 
dence for this set of circumstances is suggested by 
several studies dealing with 5-HT turnover and up- 
take. Vasko and Vogt (21) showed that in rats made 
tolerant to morphine, the systemic administration of 
additional morphine resulted in a profound increase 
in resistance to pain, a significant increase in cord 5- 
HT turnover, but no decrease in cord 5-HT. There are 
at least three possible reasons why cord 5-HT was 
significantly decreased with sufentanil in our study 
but not significantly decreased with morphine in the 
Vasko and Vogt study. First, sufentanil is more potent 
than morphine (1); second, our HPLC-electrochemical 
assay is more sensitive than the fluorometric assay 
used by Vasko and Vogt (21); and third, halothane 
may potentiate the depletion of serotonin. The third 


possibility is based on a report by Berl et al. showing 
that, in synaptosomes, halothane inhibited the high 
affinity uptake of 5-HT (16). In vivo, if the reuptake 
of 5-HT were inhibited by halothane, then a portion 
of 5-HT supplied to cellular stores by this route would 
be depleted. This prediction was demonstrated in rats 
by Diaz et al. (12), who reported a small but significant 
decrease in cerebral 5-HT after a 2-hr exposure to 
0.75% halothane. In our experiments, rats were ex- 
posed to halothane at 1 MAC for about 30 min prior 
to drug treatment and, therefore, any direct effects 
on 5-HT depletion would be small and evenly dis- 
tributed between groups. Nevertheless, if 5-HT re- 
lease was stimulated by a narcotic such as sufentanil 
in the presence of an uptake inhibitor such as halo- 
thane, then depletion of 5-HT would be expected to 
be potentiated. Under these conditions 5-HT deple- 
tion also would be technically more readily 
demonstrable. 

The authors recognize that there may very likely 
exist more than one possible mechanism for the an- 
algetic effects of narcotics. In a recent review (23), 
Cousins and Mather point out that nociception may 
be regulated by input from GABA, glycine, norepi- 
nephrine, and opioid-containing neurons, as well as 
others not yet clearly identified. Roizen et al. em- 
phasized that anesthetic potency also may depend on 
the function of specific brainstem nuclei (20). Nar- 
cotics may selectively alter these nuclei or nerve tracts, 
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thereby bringing about reductions in anesthetic po- 
tency. It is also known that 5-HT receptors are as- 
sociated with both excitatory and inhibitory cellular 
responses (24). Given this high level of complexity, 
our results, nevertheless, support a significant role 
played by 5-HT when halothane MAC is reduted by 
sufentanil. 


system (CNS) tissues. There may very likely exist more 
than one possible mechanism for the analgetic effects 
of sufentanil. At low concentrations of sufentanil, the 
observed reduction in MAC may proceed by a mech- 
anism that does not involve serotonin. It may be that 
only at high doses are the effects of 5-HT observed. 
Alternatively, it may be that an increased rate of 5- 
HT release with sufentanil exceeds the rate of syn- 
thesis of 5-HT only at high doses of sufentanil and 
not at low doses of sufentanil. In either case, the data 
show a positive correlation between increased doses 
of sufentanil and decreased levels of 5-HT in several 
CNS tissues. 

Except for hypothalamic epinephrine, the effect of 
sufentanil on central monoamine concentrations ap- 
peared to be limited to serotonin. The significance of 
the reduction in the hypothalamic concentrations of 
epinephrine below control levels when high doses of 
sufentanil were given is unknown. Endogenous ep- 
inephrine function has not yet been shown to be a 
modulator of nociception. The change in epinephrine 
may have occurred because some other facet of opioid 
regulation was functioning, such as hemodynamic or 
cardiovascular control (25). Primarily, the present study 
showed a relationship between the anesthetic potency 
of sufentanil and the reduction of serotonin in CNS 
tissue, particularly in the cord. This result is consist- 
ent with the proposition that sufentanil may contrib- 
ute to an analgetic component of general anesthesia 
by modulating 5-HT release. Release then produces 
antinociception and may result in a depletion of 5-HT 
in CNS tissues. 
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Pancuronium and Neostigmine in Hemiplegic Patients 
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The purpose of this study was to examine differences in 
train-ọf-four (TOF) ratios between paretic and healthy ex- 
tremities after -pancuronium and neostigmine administra- 
tion in 31 patients with hemiparesis. The TOF ratios on 
the paretic side after pancuronium administration were greater 
than those on the healthy side in all patients. Patients were 
classified according to the size of the difference in the TOF 
ratio on both sides. In group 1, differences in TOF ratios 


Monitoring of train-of-four (TOF) ratios is routine dur- 
ing the administration of muscle relaxants. TOF mon- 
itoring in hemiparetic patients, however, may be an 
unreliable guide for determining the dosage of non- 
depolarizing muscle relaxants and their antagonists 
because the TOF ratio on the paretic extremity differs 
from that on the healthy. side (1,2). The purpose of 
this study was to investigate TOF ratio differences in 
the paretic and healthy extremities after intravenous 
administration of pancuronium and neostigmine. Fac- 
tors considered were duration, type, and degree of 
muscle weakness in hemiparesis. 


Materials and Methods 


The subjects, 31 hemiparetic patients undergoing 
elective surgery, ranged in age from 28 to 66 yr (av- 
erage 47.2 yr); 21 were males, 10 females. The causes 
of hemiparesis were cerebrovascular in 28 and cere- 
bral tumor in three patients. The study was approved 
by the Ethical Committee of Sapporo Medical College 
and Hospital, and informed consent was obtained 
from each patient. All patients were free from hepatic 
or renal disease. The duration of hemiparesis ranged 
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were greater than 20%, and in group 2, they were less than 
20%. Fifteen of 17 patients in group 1 had hemiparesis for 
over three weeks, and in group 2, 10 of 14 patients had 
hemiparesis for less than three weeks. Patients with flaccid 
hemiparesis were distributed equally in both groups, while 
all patients with spastic hemiparesis belonged to group 1. 
The difference in increase in TOF ratios after neostigmine 
was the same as the difference in decrease produced by 
pancuronium. 


Key Words: NEUROMUSCULAR RELAXANTS— 
pancuronium. COMPLICATIONS— paraplegia. 


from 4 hr to 8 yr, and the grade of muscle weakness 
varied from nearly complete recovery with minimal 
residual weakness to a complete hemiplegia. The 
hemiparesis was flaccid in 28 and spastic in three 
patients. 

All patients were premedicated with intramuscular 
hydroxyzine, 100 mg, and atropine, 0.5 mg, 1 hr pre- 
operatively. Anesthesia, induced by thiamylal, 200-300 
mg intravenously, was maintained with 60-70% ni- 
trous oxide in oxygen administered by a face mask. 
The TOF responses of both upper extremities were 
recorded simultaneously while the dosage of pan- 
curonium was gradually increased based upon TOF 
ratios measured on the healthy side. 

The TOF ratios were measured by the method of 
Ali et al. (3). The forearm and hand of the patient 
were fixed to an armboard, and a force-displacement 
transducer was attached to the thumb. The ulnar nerve 
was stimulated at the wrist with subcutaneous needle 
electrodes using a square-wave, supra-maximal stim- 
ulus of 0.2 msec duration at the rate of 2 Hz. The iso- 
metric twitch tension of the indirectly stimulated ad- 
ductor muscle was recorded, and the TOF ratio was 
automatically calculated (Myograph-2000, Biometer, 
Denmark). The resting tension applied to the thumb 
during the study was adjusted to 200 g. 

- After TOF responses were studied, the trachea was 
intubated and halothane, 0.5-1.0%, was added to 
maintain anesthesia intraoperatively. At the conclu- 
sion of surgery, the reversal effect of neuromuscular 


NEUROMUSCULAR RESPONSES IN HEMIPARETIC PATIENTS 


blockade with neostigmine was observed on the par- 
etic and healthy extremities in 16 patients. Statistical 
analysis was performed using a Student’s t-test or y`- 
test. 


Results 


The decrease in the TOF ratios after pancuronium 
administration is illustrated in Figure 1. After intra- 
venous administration of pancuronium, the TOF ra- 
tios on the paretic side were always greater than those 
on the healthy side. Thirty-one patients were divided 
into two groups according to the magnitude of dif- 
ference in the TOF ratios between the paretic and 
healthy sides. In group 1 (17 patients), the difference 
in TOF ratios between both sides was greater than 
20%. On the other hand, in group 2 (14 patients), the 
difference in TOF ratios never exceeded 20%. 

There were no significant differences between the 
groups in sex, age or weight. The duration, degree 
of muscle weakness, and the type of hemiparesis in 
both groups are summarized in Table 1. Fifteen of 19 
patients who had hemiparesis for more than three 
weeks belonged to group 1, and 10 of 12 patients 
whose hemiparesis was present less than three weeks 
belonged to group 2. All four patients who had been 
hemiparetic for less than a day were in group 2. The 
number of patients with severe to moderate muscle 
weakness was greater in group 1 than group 2. How- 
ever, there were no statistically significant differences 
in the grade of muscle weakness between the groups. 
Twenty-eight patients had flaccid hemiparesis, and 
these patients were divided equally between both 
groups. Three patients with spastic hemiparesis be- 
longed to group 1. 

Figure 2 shows the decrease in TOF ratios after 
pancuronium administration and recovery of the TOF 
ratio after neostigmine administration to the same pa- 
tients in both groups. The TOF ratios on the paretic 
side were plotted at 70, 50, and 30% of the ratios on 
the healthy side, respectively. The TOF ratios on both 
paretic and healthy sides produced by pancuronium 
were reversed by neostigmine in the same way that 
they were initially affected by pancuronium. 


Discussion 


This study confirms that a paretic extremity is con- 
sistently resistant to a nondepolarizing muscle relax- 
ant, pancuronium, in hemiparetic patients with upper 
motor neuron lesions. The difference in TOF on the 
hemiparetic and on the healthy sides after pancuro- 
nium was evident even in four patients experiencing 
hemiparesis for only one day. 
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Figure 1. The courses of decay of the train-of-four (TOF) ratios 
after pancuronium bromide administration. 


Although the cause of response differences to non- 
depolarizing relaxants among hemiparetic extremities 
remains to be fully defined, it is thought that an in- 
crease in extrajunctional acetylcholine receptors on 
the paretic side may be a factor in explaining the re- 
sistance to nondepolarizing neuromuscular blockade 
(1). Acetylcholine receptors (ACh-R) in normally in- 
nervated muscles are more dense at neuromuscular 
junctions than in extrajunctional areas. In denervated 
or disused muscles, however, extrajunctional ACh-R 
density increases markedly due to a spread of receptor 
sites into extrajunctional areas beyond the neuro- 
muscular junction (4,5). The presence of extrajyunc- 
tional ACh-R is suggested to be important to the for- 
mation of a new synaptic connection between motor 
neurons and skeletal muscle fibers (6). 

We know there is a close relationship between the 
degree of muscle denervation and the level of motor 
nerve sprouting (7). The increase of extrajunctional 
ACh-R is greater in denervated muscle than in par- 
tially denervated or disused muscles (4,8). We, there- 
fore, thought that severe muscle weakness in hemi- 
paretic patients would be associated with a great 
difference in TOF ratios between the intact and par- 
alyzed extremities. However, in our study, no sig- 
nificant correlation was found between differences in 
TOF ratios on the two sides and the degree of muscle 
weakness. Receptors of extrajunctional sites have al- 
most the same binding properties for nondepolariz- 
ing relaxants as do junctional receptors (5,6). There- 
fore, in the denervated or disused muscle it is likely 
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Table 1. Relationship Between the Differences in Train-of-Four Ratios and the Duration of Hemiparesis, Grade of 


Muscle Weakness, and Type of Hemiparesis 
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Figure 2. The courses of decay of the train-of-four (TOF) ratios 
after pancuronium bromide and neostigmine administration in the 
same patients. Symbols: filled circles of Group 1 and filled squares 
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that more of the nondepolarizing relaxant would be 
found in extrajunctional areas (5). 

The number of ACh-R sites begins to increase about 
two days after denervation, peaks 1-3 weeks later, 
and then slowly declines (6). However, it is known 
that sprouting of the motor nerve starts at a submi- 
croscopic level about one day after denervation (8). 
This might explain why the difference in TOF ratios 
tended to be smaller in patients who had paresis for 
less than three weeks and larger in those who had 
paresis for more than three weeks, even though a 
difference in TOF ratios between the paretic and healthy 
side was observed in four patients with hemiparesis 
for only 4-8 hr. The appearance of resistance to non- 
depolarizing muscle relaxants within 4-8 hours in 
hemiparetic patients cannot be explained sufficiently. 


All three of our patients with spastic hemiparesis 
showed a large difference in TOF ratios on the two 
sides, although it has been reported that patients with 
spastic paraplegia due to spinal cord disorders are 
hypersensitive to curare (9). Changes in TOF ratios 
after neostigmine administration indicated that mus- 
cular blockade on both the paretic and healthy sides 
after pancuronium administration was reversed, with 
the same differences as those observed at the onset 
of neuromuscular blockade produced by pancuro- 
nium. This indicates that the paretic extremity is re- 
sistant to neostigmine as well as to pancuronium. 

In conclusion, nondepolarizing muscle relaxants and 
the reversal drugs have different effects on paretic 
and healthy extremities. Therefore, when these drugs 
are administrated, the TOF ratio on the healthy side 
of hemiparetic patients should be monitored to de- 
termine accurately the degree of neuromuscular 
blockade. 
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Edrophonium, 0.5 mg/kg, or neostigmine, 0.05 mg/kg, was 
administered to groups of 20 patients each, for antagonism 
of atracurium-induced block at varying degrees of sponta- 
neous recovery. Neuromuscular block was studied using 
train-of-four (TOF) stimulation. Adequate reversal of neu- 
romuscular block (TOF ratio of 0.7) was achieved in all 
patients given neostigmine but only in 13 of the 20 given 
edrophonium. The onset of action of edrophonium (23 sec) 
was significantly more rapid than that of neostigmine (40 


It traditionally has been believed that edrophonium 
is ineffective and too short-acting for the antagonism 
of nondepolarizing neuromuscular block (1,2). This is 
true when it is administered in doses of approximately 
10 mg. However, when administered in doses of 0.5 
mg/kg or more, antagonism has been shown to be 
both effective and sustained (3-5). This is further sup- 
ported by the pharmacokinetic studies carried out us- 
ing these doses of edrophonium (6). The main ad- 
vantages of edrophonium are its rapid onset of action 
and less marked muscarinic side effects. Thus when 
it is used, less atropine is required (5,7,8). 

More recent studies involving small numbers of 
patients have indicated that antagonism of atracu- 
rium-induced block is better with edrophonium than 
with neostigmine (9,10). In these studies, antagonism 
was usually carried out under strict conditions, such 
as administration of only a single dose of atracurium, 
0.25 mg/kg, in the study of Jones et al. (10), and prior 
spontaneous recovery of block to at least 20% of con- 
trol in the study by Baird and Kerr (9). Such conditions 
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sec), as was the time taken to attain a TOF ratio of 0.7 in 
those in whom adequate antagonism was achieved (68 sec 
for edrophonium and 246 sec for neostigmine). Five of the 
seven patients in the edrophonium group who failed to be 
reversed adequately had shown three or fewer twitches to a 
TOF stimulation. It is concluded that edrophonium in a 
dose of 0.5 mg/kg does not consistently antagonize neuro- 
muscular blockade induced by atracurium, particularly if 
all four responses to a TOF stimulation are not elicited prior 
to antagonism of the block. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. ANTAGONISTS, NEUROMUSCULAR RELAX- 
ANTs-—edrophonium, neostigmine. 


are not often encountered in routine anesthetic prac- 
tice. In the present study, we have employed edro- 
phonium for antagonism of atracurium-induced block 
at the end of surgery irrespective of the degree of 
block present, and we have compared the results with 
neostigmine given under similar conditions. 


Methods 


Forty ASA grade I patients scheduled for elective 
ophthalmic surgery were studied. We obtained their 
informed consent and the approval of the Regional 
Ethical Committee. 

One hr after administration of diazepam, 10 mg, 
orally, anesthesia, was induced with thiopental and 
maintained with nitrous oxide, oxygen, fentanyl (2- 
3 pg/kg), and halothane (0.5-1.0%). Ventilation was 
adjusted to maintain end-tidal carbon dioxide con- 
centration between 4.5—5.0%. The ulnar nerve was 
stimulated percutaneously at the wrist with square 
wave supramaximal stimuli of 0.2 msec duration, de- 
livered in a train-of-four sequence (TOF), at 2 Hz every 
10 sec. The resultant contraction of adductor pollicis 
was recorded using a force displacement transducer 
and a neuromuscular function analyzer (Myograph 
2000, Bio Meter Ltd) (11). 

Atracurium was administered in an initial dose of 
0.5 mg/kg, and tracheal intubation was performed at 
maximum block. Further increments of the relaxant 
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Table 1. Comparability of the Groups 
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Edrophonium Neostigmine 
Age (yr + SEM) 43 4 4.] 42 + 4.2 
Weight (kg + SEM) 63 + 2.4 IS 2.6 
TI prior to antagonism (%) 36 + 4.5 33° 4:7 
TOF ratio prior to antagonism G22 2 O37 0.21 * 0.027 





were given as required. Heart rate and rhythm and 
arterial blood pressure were monitored throughout 
with an electrocardiogram and an oscillotonometer 
(Dinamap, Critikon Ltd). 

At the end of surgery, antagonism of residual block 
was attempted provided at least one response was 
evoked by a TOF stimulation. Halothane was discon- 
tinued about 10 min before attempted reversal. Pa- 
tients were randomly allocated to receive either 
edrophonium, 0.5 mg/kg, or neostigmine, 0.05 mg/kg, 
in a mixture with atropine or glycopyrrolate. The sub- 
sequent recovery of neuromuscular transmission was 
recorded for at least 10 min in all patients. Antago- 
nism of block was considered adequate when a TOF 
ratio of 0.7 or more was attained (12). Further as- 
sessment of the patients was carried out in the re- 
covery ward for at least 30 min using clinical criteria 
such as the ability to open eyes, cough, and show a 
sustained head lift. If adequate antagonism was not 
attained in 10 min, the patients received further doses 
of the anticholinesterase equivalent to half the initial 
dose. 

The following measurements were made in both 
groups: T,—height of the first twitch in the TOF (as 
a percentage of the control value before administra- 
tion of any relaxant); TOF ratio—the ratio between 
the fourth and the first twitch in the same TOF se- 
quence (these two parameters were measured before 
and after antagonism); time to onset of measurable 
effect of antagonism; time taken to attain a TOF ratio 
of 0.7; and TOF ratio at various degrees of recovery 
of T,. The results in the two groups were compared 
using Student's t-test. 


Results 


The groups were comparable with regard to average 
ages and weights (Table 1). The degree of neuro- 
muscular block present in the two groups prior to 
administration of the antagonist was similar both in 
terms of T, as well as the TOF ratio (Table 1). Six 
patients in the edrophonium group and five in the 
neostigmine group did not show all four responses 
to TOF stimulation at the time of attempted reversal. 
The height of T, in these patients was 15 and 12%, 
respectively. 
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The time to onset of a measurable effect (Fig. 1) 
was 23 sec in those receiving edrophonium; this was 
significantly shorter (P < 0.001) than the 40 sec in 
those receiving neostigmine. Similarly, the time taken 
to attain a TOF ratio of 0.7 was significantly less (P 
< 0.001) in those receiving edrophonium, 68 sec; as 
compared to 246 sec in those given neostigmine. 
However, in the edrophonium group, this time re- 
lates to only 13 patients. The remaining seven patients 
failed to attain a TOF ratio of 0.7 with the initial dose 
of this anticholinesterase agent, as seen in Figure 2; 
which also shows the maximal TOF ratios attained in 
the individual patients and the average values for the 
two groups. The peak TOF ratios in individual pa- 
tients varied from 0.71 to 1.0 with a mean of 0.87 + 
0.020 (SEM) in the neostigmine group. The corre- 
sponding values in the edrophonium group ranged 
from 0.40 to 1.0, with a significantly lower (P < 0.05) 
mean value of 0.77 + 0.043 (SEM). However, if the 
seven patients in the edrophonium group who did 
not attain a TOF ratio of 0.70 are excluded, the average 
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Figure 2. Peak TOF ratios in individual patients after administra- 
tion of edrophonium and neostigmine. Horizontal line and the bars 
represent mean + SEM values. Ens, average peak TOF ratio in the 
13 patients in the edrophonium group who attained adequate an- 
tagonism (TOF of 0.7 or more). Epo, average peak TOF ratio in all 
20 patients in the edrophonium group. 


peak TOF was 0.90 + 0.017 (SEM), a value not sig- 
nificantly different from the patients in the neostig- 
mine group. 

Five of the six patients who did not show all four 
responses to TOF stimulation prior to antagonism of 
residual block with edrophonium failed to reverse ad- 
equately. The sixth achieved a peak TOF ratio of 0.80. 
Two other patients also failed to achieve a TOF ratio 
of 0.70 after administration of edrophonium (7 out of 
20); their TOF ratios prior to reversal were 0.07 and 
0.18. These seven patients were all adequately re- 
versed after administration of one additional dose of 
0.25 mg/kg in five patients and two such doses in two 
patients. In contrast, all 20 patients whose residual 
block was antagonized with neostigmine achieved a 
peak TOF ratio greater than 0.70—including five pa- 
tients who did not show all four responses to TOF 
stimulation prior to administration of neostigmine. 

Figure 3 shows the TOF ratios at various degrees 
of recovery of T; for patients in the two groups whose 
blocks were adequately antagonized (TOF = 0.70). It 
is clear that the TOF ratios during antagonism are 
significantly higher (P < 0.001) after edrophonium at 
T, twitch heights ranging from 50-100% of control. 
However, those patients, who did not attain a TOF 
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Figure 3. Relationship of TOF ratio and T, twitch height during 
antagonism of block after administration of edrophonium (open 
circles, n = 13) and neostigmine (closed circles, n = 20). The data 
shown is mean TOF ratio + SEM at each point. Difference between 


edrophonium and neostigmine is significant (P < 0.001) at each 
point. 


of 0.70 or more after reversal showed a greater degree 
of fade as evidenced by attaining an average TOF ratio 
of only 0.51 + 0.049 (SEM), when T, had just reached 
control value. 


Discussion 


Edrophonium, in a dose of 0.5 mg/kg or more, has 
been reported to produce a sustained antagonism of 
pancuronium and d-tubocurarine blocks (4—6). All these 
studies have shown edrophonium to have a more 
rapid onset of action and shorter time to peak effect 
compared to neostigmine. These findings are con- 
firmed in the present study. Recently similar results 
have been reported during antagonism of atracurium- 
induced neuromuscular block (9,10). 

In our study, 35% (7 out of 20) patients failed to 
be adequately reversed (TOF of 0.7) after edrophon- 
ium, 0.5 mg/kg; most of these did not show all four 
responses to TOF stimulation before antagonism. In 
contrast, all 20 patients receiving neostigmine were 
adequately reversed. Jones et al. (10) used edrophon- 
ium in the same dose as in the present study for 
antagonism of atracurium block, but did not give any 
information regarding failure, if any, to achieve ad- 
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equate antagonism. In addition, they used a relatively 
small single dose of atracurium (0.25 mg/kg), and em- 
ployed a TOF ratio of 0.5 to represent adequate an- 
tagonism in contrast to the commonly recommended 
TOF ratio of 0.7 used in our study. Similar findings 
of inadequate antagonism have been reported-when 
edrophonium is used to antagonize relatively deep 
blocks produced not only by pancuronium (3) and 
alcuronium (13) but also by atracurium (14,15). Con- 
flicting results regarding the efficacy of edrophonium 
may be due, in part, to the use of differing doses of 
the drug, ranging from 0.3 mg/kg (14) to 1 mg/kg (13). 
The ratio of 10:1 for the potency of neostigmine and 
edrophonium used in our study was based on the 
findings of Cronnelly et al. (5), who determined this 
ratio while antagonizing a steady-state d-tubocura- 
rine block. However, in a situation more akin to rou- 
tine anesthetic practice, Bevan et al. showed the po- 
tency ratios of neostigmine and edrophonium to be 
16:1 (16). 

It may be possible that a larger initial dose of ed- 
rophonium might have achieved adequate antago- 
nism of block in all our patients. Indeed, this appears 
to have been so, because one or two additional doses 
of edrophonium attained adequate antagonism in those 
patients failing to reach a TOF ratio of 0.7 or more 
with the initial dose of 0.5 mg/kg. However, it is also 
possible that further spontaneous recovery of block 
was taking place in the intervening period of 10 min 
or more. This was suggested by Hughes et al. (17) 
who antagonized deeper atracurium-induced neuro- 
muscular block. 

The finding that edrophonium is associated with 
less fade than neogstigmine, as measured by TOF 
ratio, has been reported previously (10,18). In the 
present study, we found this to be the case at all 
points of recovery of T; up to, and including, the point 
at which T; attained 100% of its control value. In con- 
trast, Donati et al. found the TOF ratio during antag- 
onism with edrophonium to be greater than that after 
neostigmine only up to a T, of 70% of control (18). 
This phenomenon may reflect a marked presynaptic 
effect of this agent and was the reason given by Jones 
et al. (10) for the fact that edrophonium achieved su- 
perior antagonism of atracurium-induced block. Such 
presynaptic activity appears to be of benefit only in 
patients who attain adequate recovery, because pa- 
tients failing to reach a TOF ratio of 0.7 showed a 
greater degree of fade in a TOF sequence. 

In conclusion, edrophonium effectively antago- 
nizes atracurium-induced block, provided all four re- 
sponses to TOF stimulation are present. In patients 
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with three or fewer responses to TOF stimulation, 
antagonism is incomplete with edrophonium, and a 
more reliable reversal of neuromuscular block is ob- 
tained with neostigmine. 


The authors are grateful to Professor RSJ Clarke for his valuable 


comments and to Miss Sharon Connery for typing the manuscript. 
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Hemodynamic changes and side effects of anesthesia induc- 
tion with etomidate or thiopental were evaluated in 83 ASA 
class | or II patients. Patients were randomly assigned to 
one of 12 groups according to pretreatment drug (fentanyl, 
100 ug, or normal saline intravenously), induction agent 
(etomidate, 0.4 mg/kg, or thiopental, 4 mg/kg), and main- 
tenance anesthetic technique (isoflurane—oxygen, tsoflur- 
ane-nitrous oxide-oxygen, or fentanyl—nitrous oxide- 
oxygen). The purpose of this experiment, of factorial design, 
was to evaluate the combined effects of two or more exper- 
imental variables used simultaneously and to observe in- 
teraction effects. There were significant increases in heart 
rate in all groups, especially after tracheal intubation. These 
increases were attenuated but not eliminated by fentanyl 
pretreatment. Systolic arterial blood pressure increased sig- 
nificantly after intubation and was not affected either by 
fentanyl pretreatment or by the induction agent. Patients 
in whom anesthesia was induced with etomidate had a greater 
incidence of pain on injection and myoclonus and a lesser 
incidence of apnea than patients in whom anesthesia was 
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induced with thiopental. Fentanyl pretreatment signifi- 
cantly decreased the incidence of pain on injection and my- 
oclonus, but it increased the incidence of apnea when anes- 
thesia was induced with etomidate. The incidence of 
postoperative nausea and vomiting was similar after thio- 
pental and etomidate and was unaffected by fentanyl pre- 
treatment. However, patients in whom anesthesia was 
maintained with isoflurane (with and without nitrous oxide) 
had a significantly lower incidence of nausea and vomiting 
than did patients given fentanyl-N,O—O) for maintenance 
of anesthesia. These results indicate that there is no signif- 
icant difference between etomidate and thiopental as anes- 
thetic induction agents in healthy patients. Pretreatment 
with a small dose of fentanyl attenuates the increases in 
heart rate associated with induction of anesthesia and tra- 
cheal intubation with either etomidate or thiopental, and 
reduces but does not eliminate side effects associated with 
etomidate induction. 


Key Words: INDUCTION, ANESTHESIA—etomidate, 
thiopental. ANESTHETICS, IinrrAvVENOUs—etomi- 
date, thiopental. 
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Etomidate is a rapid-acting, y-aminobutyric acid 
(GABA) receptor-stimulating, sedative/hypnotic agent 
with little or no cardiovascular or respiratory effects 
(1-8). Because of these properties, and its high ther- 
apeutic index (six times that of thiopental), etomidate 
may be particularly useful as an anesthetic induction 
agent in patients with poor cardiovascular reserve (2—4). 
Unfortunately, etomidate has no analgesic properties 
and produces several annoying side effects, including 
pain on injection, myoclonus, and postoperative nau- 
sea and vomiting (9). Tracheal intubation after an- 
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esthetic induction with etomidate can result in sig- 
nificant increases in heart rate and arterial blood 
pressure. These changes have been attributed to ab- 
sence of analgesia, and are similar to increases in heart 
rate and arterial pressure found when intubation fol- 
lows anesthetic induction with thiopental, midazo- 
lam, and other sedative/hypnotic agents without an- 
algesic properties (10). 

Some investigators have found that intravenous 
administration of a small dose of a narcotic analgesic 
prior to injection of etomidate and use of a larger 
(forearm) vein can reduce the incidence of pain on 
injection and myoclonus without altering the cardio- 
vascular and respiratory properties of the drug (11). 
This therapy might also reduce or eliminate increases 
in heart rate and arterial blood pressure that accom- 
pany tracheal intubation, but this has not been care- 
fully studied. Other investigators have suggested, but 
not carefully documented, that avoidance of nitrous 
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oxide (P. Janssen, personal communication) or inclu- 
sion of a potent inhalation agent (B. Cohen, personal 
communication) for maintenance of anesthesia re- 
duces the incidence of postoperative nausea and vom- 
iting after anesthetic induction with etomidate. 

We are unaware of any study that compared in- 
duction of anesthesia with etomidate and thiopental 
and includes consideration of pretreatment medica- 
tions, the maintenance anesthetic agents (including 
the presence or absence of N20), and the possible 
combined effects or interactions of two or more of the 
experimental variables outlined above. Thus this study 
was designed to evaluate and compare the changes 
in arterial blood pressure, heart rate, and the side 
effects associated with anesthetic induction with 
etomidate and thiopental. Simultaneously, factors (both 
combined and separate, i.e., opioid pretreatment, dif- 
ferent anesthetic maintenance regimens, size of vein 
used for injection) that might ameliorate changes in 
blood pressure and heart rate, and decrease the in- 
cidence of induction and postoperative side effects 
were also studied. 


Methods 


The study was approved by the University of Utah 
Health & Sciences Center Institutional Review Board. 
Eighty-three ASA class I or II patients, 18-75 yr, 
undergoing elective general, gynecological, or or- 
thopedic surgical procedures served as the experi- 
mental subjects. All patients gave their written in- 
formed consent for participation in the study. 

After enrollment in the study, patients were ran- 
domly allocated to one of 12 groups. Randomization 
was not restricted to force groups of equal size. The 
study continued until every group had at least six 
patients. The groups varied according to their pre- 
anesthetic induction treatment, induction agent, and 
technique used for maintenance of anesthesia (Table 
1). The study design was a 2 x 2 x 2 x 2 factorial 
experiment with repeated measures. The factorial de- 
sign was incomplete in that only 12 rather than 16 
groups were used; no patient received fentanyl alone 
for maintenance of anesthesia. The investigators re- 
cording hemodynamics and side effects were aware 
of the induction and maintenance agents but not the 
pretreatment drug. 

All patients were premedicated with atropine sul- 
fate (0.4 mg intramuscularly) and diazepam (0.1 mg/kg 
orally) 1 hr prior to the scheduled time of operation. 
Upon arrival in the operating room, an intravenous 
infusion was started in either a forearm or hand vein, 
an automatic blood pressure cuff was applied to an 
upper arm, and a bipolar lead II electrocardiogram 
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Table 1. Assignment of 83 Patients to 12 Groups Varying 
in Pretreatment, Anesthetic Induction Agent, and 
Maintenance Anesthetic Technique 


Number of 


Induction Maintenance 
patients agent Pretreatment technique 

6 Etomidate Fentanyl lsoflurane—O. 

6 Etomidate Fentanyl isoflurane-N,O-O, 

8 Etomidate Saline Isoflurane- N;O-O, 

6 Etomidate Saline Isoflurane—O, 

9 Etomidate Fentanyl Fentany!l~N-O-O, 
10 Etomidate Saline Fentanyl~N;-O-O, 

6 Thiopental Fentany! lsoflurane—O, 

7 Thiopental Saline Isoflurane- ©O. 

6 Thiopental Fentanyl Isoflurane- N-00 -O 

f Thiopental Saline Isoflurane- N- -0-0 

6 Thiopental Fentanyl Fentanyl-N,O-O, 

6 Thiopental Saline Fentanyl~N;O-O. 


nannaa 


displayed continuously. After a 5-min stabilization 
period, the pretreatment drug (fentanyl, 100 ug; or 
saline, 2 ml) was administered intravenously, and the 
patients were preoxgenated with 100% oxygen via a 
face mask. Three min after pretreatment, etomidate 
(0.4 mg/kg) or thiopental (4 mg/kg) was given as a 
bolus intravenous injection over 15-30 sec. Two min 
after administration of the induction agent, all pa- 
tients were paralyzed with succinylcholine (1.0 mg/kg 
intravenously), and their tracheas were intubated un- 
der direct vision. 

During the induction sequence, the presence or 
absence of myoclonus (nonspecific muscle contrac- 
tions unassociated with succinylcholine administra- 
tion) and pain on injection (volunteered by the patient 
or solicited by the investigator if the patient grimaced) 
were noted. Systolic, diastolic, and mean arterial blood 
pressures, and heart rate were measured on arrival 
in the operating room (baseline), 3 min after injection 
of the pretreatment agent, 2 min after administration 
of the induction agent, 1 min after succinylcholine 
administration, and 1 min after tracheal intubation. 

After anesthetic induction and tracheal intubation, 
anesthesia was initially maintained with either iso- 
flurane (0.5-3%, inspired concentration) plus nitrous 
oxide (50%) in oxygen, isoflurane (1-4%) in oxygen, 
or fentanyl (10 g/kg bolus, intravenously) plus N20 
(50%) in oxygen. Systolic arterial blood pressure was 
maintained within 15% of baseline levels by adjusting 
the inspired concentration of isoflurane, or by admin- 
istration of incremental boluses (50-100 ug) of intra- 
venous fentanyl. All patients were paralyzed with 
pancuronium (1-4 mg, intravenously) 10-15 min after 
anesthetic induction when train-of-four twitch mon- 
itoring of the facial muscles indicated dissipation of 
succinylcholine-induced neuromuscular blockade. 
Paralysis was maintained with additional increments 
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Table 2. Age, Gender, and Operative Times 
Pretreatment Induction agent Maintenance agent N2O 
Saline Fentanyl  Thiopental Etomidate Fentanyl isoflurane Yes No 
Nt 
Number of patients 44 39 38 45 31 52 58 29 
Age 35 2 19 DEPE 36.423 a7 21 See ae BP ce 2A) a7 = 19 35: 28 
Anesthesia duration 144+ 10.1 135+ 109 133 +108 46+ 10.1 1402109 140299 138283 143 2 132 
(min) 
Surgery duration 102 + 9.0 90 + 10.8 O2 2 10.0 1) + 9.7 95.22: Tis 98 + 9.4 Lo mental 94 + 14.3 
(min) 
Gender (male/female) 14/30 11/28 12/26 13/32 10/21 15/37 18/40 7/18 





Values shown are mean t SPM and frequency counts. 


of pancuronium (1-2 mg, intravenously) as needed 
(via twitch—tetanus or train-of-four evaluation) every 
45-60 min. At the conclusion of the operation, resid- 
ual neuromuscular blockade was reversed with neo- 
stigmine (3-5 mg, intravenously) and glycopyrrolate 
(0.4-0.8 mg, intravenously), and the patients were 
extubated when ventilation was deemed adequate (i.e., 

a rate = 10 ARA and estimatet tidal 


the ee room. 

The patients were observed continuously in the 
recovery room, and were interviewed 24-48 hr post- 
operatively to determine the degree of pain at the site 
of the intravenous infusion and the presence or ab- 
sence of postoperative nausea and vomiting. In ad- 
dition, the intravenous infusion site was inspected 
for evidence of phlebitis (redness, tenderness). 

Statistical analysis of the data employed a factorial 
design with repeated measures. The purpose of a fac- 
torial experiment is to evaluate the combined effects 
of two or more experimental variables when used 
simultaneously (12). Thus instead of comparing the 
hemodynamics and side effects of the twelve groups, 
comparisons were made between the levels of the 
factors (i.e., saline vs fentanyl, thiopental vs etomi- 
date). Factorial experiments also allow the evaluation 
of interaction effects. An interaction effect is an effect 
attributable to the combination of variables above and 
beyond that which can be predicted from the variables 
considered singly (12). 

Age, anesthesia time, duration of surgery, baseline 
heart rate, and baseline systolic blood pressure were 
analyzed for statistical significance by analysis of var- 
iance (ANOVA). Comparisons of heart rate and of 
systolic blood pressure during the induction period 
(3 min after pretreatment to 1 min after intubation) 
were analyzed for statistical significance via multi- 
variate analysis of covariance (MANCOVA) and mul- 
tivariate analysis of covariance for repeated measures 
(repeated measures MANCOVA); baseline heart rate 
or systolic blood pressure was the covariate. If joint 








statistical hypotheses were statistically significant, in- 
dividual comparisons were performed by univariate 
ANOVAs. MANCOVA requires complete cases (data 
for each variable in every patient); patients were de- 
leted from analysis if complete data were not avail- 
able. To simplify data presentation, only systolic blood 
pressure is presented. Analysis of mean and diastolic 
blood pressure is available on request. Frequency 
counts were analyzed for statistical significance using 
y°-tests and stepwise logistic regression analysis. Sta- 
tistical software was from the BMDP statistical library, 
in particular the P1D, P4F, PLR, and P4V programs. 
P < 0.05 was considered statistically significant. 


Results 


Twenty-five male and fifty-eight female patients served 
as experimental subjects. There were no differences 
in age, male or female ratio, time of anesthesia, or 
duration of surgery for the four study factors (Table 
2). During the induction period (3 min after pretreat- 
ment to 1 min after intubation) heart rate after saline 
pretreatment was higher than after fentanyl pretreat- 
ment (MANCOVA: F(4,75) = 4.28; P = 0.0036); spe- 
cifically, heart rate was higher 2 min after induction, 
1 min after succinylcholine, and 1 min after intubation 
(Table 3). There was no difference in heart rate be- 
tween the two induction agents, thiopental and etom- 
idate, during the induction period. Compared with 
heart rate 3 min after pretreatment, heart rate in- 
creased during the induction period prar mea- 
sures MANCOVA; F(3,237) = 60.45; P = 0.0000). 
Increases in heart rate during the auction period 
were similar in patients receiving etomidate and thio- 
pental; increases in heart rate were significantly less 
in those pretreated with fentanyl compared to saline, 
irrespective of induction agent (repeated measures 
MANCOVA; F(3,237) = 2.86; P = 2.86; P = 0.0377). 
There was no interaction between pretreatment and 
induction agent on heart rate. 

Only 79 patients had complete data for analysis of 
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Table 3. Heart Rate during Induction (beats/min) 





3 min after 


Baseline pretreatment 
Preatment 
Saline (7 = 44) 78 2233 ig: ene ee: 
Fentanyl (n = 39) 83 + 2.1 Sito 2.5 
Induction agent 
Thiopental (n = 38) FOS 253 78 + 2.4 
Etomidate (u = 45) 82 2.2 BI + 2.2 


LAA th A AAA Aaa nAn n maamaa A 
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2 min after 1 min after i min after 


induction succinyicholine intubation 
86 + 2.2 OF 27 10S. aie 
i Soa A get Ae 100 3.0 
83 + 2.0 ITAD 105 30 
BI ee 95 + 2.8" 101 + 3.0 





Values shown are mean £ SEM. 

"P< 0.05 saline vs fentanyl. 

PP a Q.05 1 min after succinyicholine vs 3 min after pretreatment. 
‘Po 0.05 ] min after intubation vs 3 min after pretreatment. 


systolic blood pressure (Table 4). By chance, patients 
who were to receive fentanyl had a higher base- 
line systolic blood pressure (ANOVA; F(1,79) = 10.7; 
P = 0.0016). All comparisons were thus adjusted by 
use of baseline systolic blood pressure as a covariate. 
There was no difference in systolic blood pressure 
between saline and fentanyl, or between thiopental 
and etomidate during the induction period. Com- 
pared with systolic blood pressure 3 min after pre- 
treatment, all patients analyzed as a single group ex- 
perienced an initial decrease in pressure at 2 min after 
induction, followed by increases in pressure at 1 min 
after succinylcholine and 1 min after intubation (re- 
peated measures MANCOVA; F(3,225) = 70.69; P = 
0.0000). Systolic blood pressure did not decrease with 
saline pretreatment 2 min after induction (repeated 
measures MANCOVA; F(1,75) = 7.55; P = 0.0075). 
There was no interaction between pretreatment and 
induction agent on systolic blood pressure. Fentanyl 
pretreatment did not affect the increase in systolic 
blood pressure during the induction period. 
Induction of anesthesia with etomidate was asso- 
ciated with a greater incidence of pain on injection 
and myoclonus but a lower incidence of apnea than 
induction with thiopental (Table 5). Pretreatment with 
fentanyl significantly reduced the incidence of pain 
on injection and myoclonus, but increased the inci- 
dence of apnea compared to saline pretreatment (Ta- 
ble 5). There was no interaction between pretreatment 
group and induction drug on the incidence of apnea, 
myoclonus, and pain on injection. The incidence of 
myoclonus during anesthetic induction with etomi- 
date was significantly greater in females (31%) than 
in males (20%) (x? = 10.6, P = 0.001). There was no 
interaction among the induction drug, pretreatment 
group, and gender on the incidence of myoclonus. 
Pain on injection was significantly more frequent when 
etomidate was injected into a dorsal hand vein (83%) 
than when injected into a forearm vein (44%) (y° = 
4.08, P = 0.043), but was significantly and equally 


reduced by pretreatment with fentanyl (46% in a hand 
vein vs 12% in forearm vein; y = 5, 4; P = 0.02). 
Although females were significantly more likely to 
experience nausea and vomiting than were males (67% 
vs 21%) (7 = 15.3; P < 0.0001), neither the induction 
agent nor the presence of nitrous oxide in the main- 
tenance technique significantly affected the incidence 
of postoperative nausea or vomiting. In contrast, pa- 
tients administered anesthesia maintained with fen- 
tanyl suffered from postoperative nausea and vom- 
iting significantly more das alae’ y (73%) than those 
receiving isoflurane (42%; y* = 10.0; P = 0.002). 
The overall incidence of intravenous site phlebitis 
was 18%. The incidence of phlebitis was not related 
to the induction agent, site of intravenous infusion, 
pretreatment drug, or maintenance technique. 


Discussion 

The results of this study demonstrate that etomidate, 
when used as an anesthetic induction agent without 
analgesic supplementation, provides no advantages 
over thiopental in healthy ASA class I or H patients. 
Indeed, the higher incidence of annoying side effects 
(pain on injection and myoclonus) are probably greater 
negative features of the compound than its one pos- 
sible advantage (less apnea) in these healthy pa- 
tients). A recent report demonstrating inhibition of 
adrenal steroidogenesis after anesthetic induction is 
another factor that needs to be studied (13). Our data 
show that the side effects of etomidate can be signif- 
icantly decreased, but not totally eliminated, by se- 
lection of an appropriate vein and use of a small (100 
ug) preinduction dose of fentanyl. This same dose of 
fentanyl is also effective in blunting, but not pre- 
venting, increases in heart rate that accompany tra- 
cheal intubation whether anesthesia is induced with 
etomidate or thiopental. The small dose of fentanyl 
used in this study did not effectively blunt increases 
in arterial blood pressure that accompanied tracheal 


ETOMIDATE INDUCTION 


Table 4. Systolic Arterial Pressure during Induction (mm Hg) 


3 min after 


Baseline pretreatment 
Pretreatment 
Saline (n = 40) ti? = 30 HS 43] 
Fentanyl (7 = 39) 13) 3 126 + 2.9 
Induction agent 
Thiopental (n = 38) Tle 24 119 + 2.8 
Etomidate {n = 41) 126 + 3.5 122 = 33 


Values shown are mean + SEM. 

"P< 0.05 saline vs fentanyl 

"P< 0.05 1 min after succinylcholine vs 3 min after treatment. 
‘P< 0.05 1 min after intubation vs 3 min after pretreatment. 
IP e 0.05 2 min after induction vs 3 min after pretreatment. 


intubation after induction with etomidate or thiopen- 
tal. Finally, we could find no evidence of an increased 
incidence of nausea and vomiting after anesthetic in- 
duction with etomidate, as compared to thiopental. 
Nor did we find that the subsequent use of nitrous 
oxide caused an increased incidence of postoperative 
nausea and vomiting. However, the use of a nitrous 
oxide-oxygen plus a narcotic (fentanyl) anesthetic 
technique led to an increased incidence of nausea and 
vomiting when compared to isoflurane—O, or iso- 
flurane—-N,O-O3. 

This study did not evaluate the proposed advan- 
tages of anesthetic induction with etomidate in pa- 
tients with limited cardiovascular reserve and there- 
fore may not be directly applicable to that group. 
Nonetheless, our results raise the question of whether 
etomidate or any other compound without analgesic 
properties should be promoted as an “anesthetic in- 
duction” agent in patients who are at potential risk 
from increases in myocardial oxygen consumption 
secondary to increases in heart rate and arterial blood 
pressures associated with anesthetic induction, tra- 
cheal intubation, or both. That a compound like etom- 
idate does not impair cardiovascular dynamics and 
myocardial mechanics (not measured in this study) 
during the induction sequence is of obvious benefit. 
However, it is also of great importance that an in- 
duction agent has the ability to blunt or eliminate 
changes in hemodynamics that may impair myo- 
cardial oxygen supply/demand ratios during the 
stressful period of tracheal intubation. Although the 
appropriate use of fentanyl, another opioid, or any 
other compound that blunts cardiovascular responses 
during induction and intubation, may make etomi- 
date a better anesthetic induction agent, the fentanyl 
dose used in this study was only minimally effective. 
Furthermore, it appears from our data that fentanyl 
provides the same hemodynamic advantages for thio- 
pental. The question, then, is not only whether etom- 
idate or thiopental or any other sedative/hypnotic an- 
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2 min after 1 min after 1 min after 


induction succinylcholine intubation 
lib: 39 126 + 3.8 145 + 4.3 
ae ay 128 + 4.2" 149 + 4.3 
114 + 2.9 127 2.3.57 147 + 4.2 
Lie 7 126 + 4.2! 147 + 4.4 


A pe tar 


esthetic induction agent is less depressant to the 
myocardium in patients with limited cardiovascular 
reserve, but rather which mixture of agents (seda- 
tive/hypnotic, opioid, local anesthetic, volatile agent) 
and range of doses of these agent(s) provide the most 
ideal conditions throughout the induction—intubation 
sequence. An additional question is whether the agent 
or mixture of agents results in other effects that are 
beneficial or detrimental. 

Although we found no “‘interaction effects” in this 
study (interactions above and beyond those we ex- 
pected from the drug effects considered separately), 
fentanyl pretreatment (100 wg, intravenously) re- 
sulted in decreased incidences of pain on injection, 
myoclonus, and no effect on postoperative nausea 
and vomiting, but an increased incidence of apnea. 
Maintenance of anesthesia with fentanyl plus NO 
increased the incidence of postoperative nausea and 
vomiting. These properties of fentanyl and other 
opioids used as analgesic supplements during anes- 
thesia have been reported before (3-5,11,14); how- 
ever, our methodological and statistical approach al- 
lowed us to confirm that postoperative nausea and 
vomiting was due to fentanyl given during operation, 
not due to the nitrous oxide component of the nitrous 
oxide-narcotic maintenance anesthetic or the pre- 
treatment or induction agent. The latter result is par- 
ticularly important because it suggests that fentanyl 
supplementation during operation (which is usually 
a component of anesthetic techniques that employ 
etomidate (3,4,14,15)), may be a more important cul- 
prit in the postoperative nausea and vomiting usually 
attributed to etomidate. 

One could speculate that if blockade of hemody- 
namic responses to anesthetic induction and tracheal 
intubation, and prevention of pain on injection and 
myoclonus are important, a higher pretreatment dose 
of fentanyl before etomidate may be more effective. 
Indeed, a recent study from our institution has dem- 
onstrated that 3-4 ug/kg of fentanyl before etomidate 
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Table 5. Incidence of Side Effects with 
Anesthetic Induction 








Pain on 
Apnea Myoclonus injection 
Induction agent 
Thiopental (n = 38) 87(33) (0) 5(2) 
Etomidate (n = 45) 49(22)° 51(23)° 44(20)° 
Pretreatment group 
Saline (n = 44) 45(20) 45(20) 34(15) 
Fentanyl (n = 39) 90(35)* 8(3)’ 18(7) 





Values shown are % (number of patients). 
"P < 0.00005 thiopental vs etomidate. 

°P < 0.00005 saline vs fentanyl. 

‘P < 0.02 saline vs fentanyl. 


totally eliminated all increases in heart rate and ar- 
terial blood pressure produced by the induc- 
tion-intubation sequence (without resulting in hy- 
potension and a reduction in cardiac output), and 
further reduced the incidence of pain on injection (15). 
Even more recent data (Stockham R, Stanley TH, Pace 
NL, unpublished results) indicate that total elimina- 
tion of pain on injection and myoclonus during in- 
duction with etomidate can be achieved but requires 
much higher pretreatment doses of fentanyl, 7 ug/kg. 

The mechanism for etomidate-induced myoclonus 
is not known but has been thought to be associated 
with disinhibition of subcortical structures (16). The 
mechanism by which fentanyl decreases myoclonus 
associated with etomidate is also not known. How- 
ever, there are data that suggest that fentanyl stim- 
ulates opioid u-receptors on GABA-nergic neurons in 
the basal ganglia (17). Activation of these receptors 
may decrease or modify release of GABA from GABA- 
nergic neurons, or even modify GABA-receptor 
function. Pain on injection after etomidate has been 
attributed to the vehicle in which etomidate is dis- 
solved, propylene glycol. The pain is greater after the 
use of an aqueous solution as compared to 35% pro- 
pylene glycol solution (14). The mechanism respon- 
sible for the decrease in pain on injection after pre- 
treatment with fentanyl is unknown, but it is probably 
related to analgesia provided by the opioid. 

In conclusion, our results indicate that there is no 
difference between etomidate and sodium thiopental 
as an anesthetic induction agent in healthy patients. 
Pretreatment with a small dose (100 ug) of fentanyl 
attenuated increases in heart rate associated with in- 
duction of anesthesia and tracheal intubation with 
either etomidate or sodium thiopental. Fentanyl pre- 
treatment also reduced, but did not eliminate, side 
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effects associated with etomidate. Postoperative nau- 
sea and vomiting, usually attributed to induction of 
anesthesia with etomidate, was found to be more 
closely associated with fentanyl used during anes- 
thesia maintenance. 
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In a prospective randomized study of 48 patients scheduled 
to undergo elective coronary artery surgery, sufentanil (20 
ugikg) was compared with fentanyl (100 ugikg) anesthesia 
by assessing hemodynamic and plasma catecholamine level 
responses to surgery. At 15 points during the study, car- 
diovascular dynamics were recorded. At stx points in the 
study, arterial blood was obtained for simultaneous assays 
of plasma concentrations of epinephrine, norepinephrine, 
and dopamine. Neither mean cardiovascular dynamics nor 
catecholamine concentrations were statistically significantly 
different between the groups preoperatively. Both agents 
provided generally stable hemodynamics during surgery. 
Sufentanil was associated with decreased systemic vascular 


It has been suggested that the more potent an opiate 
analgesic, the more specific its action and the lower 
the incidence of side effects (1). Therefore sufentanil 
(5), a synthetic opiate analgesic 5-10 times as potent 
as fentanyl! (F) in animals (1-4), may have advantages 
over F as a sole anesthetic agent for cardiac surgery. 
Initial reports have commented favorably on the use 
of S as a sole anesthetic agent (5-8). Protection against 
stress reactions in dogs was reported by de Castro (9) 
to be more complete with S than F. In other studies, 
5 suppressed metabolic and endocrine responses to 
anesthesia and surgery but failed to prevent marked 
increases in plasma levels of hormones associated with 
cardiopulmonary bypass (CPB) and the early post- 
operative period (10,11). 
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resistance at several time points with concurrent increased 
cardiac index and heart rate. Although catecholamine levels 
increased somewhat during cardiopulmonary bypass in both 
groups, there were no signficiant differences between the 
groups at any point except that at chest closure patients 
given sufentanil had significantly lower dopamine concen- 
trations than those given fentanyl. Times for recovery from 
surgery failed to show any difference between the two groups 
of patients. Blood pressure increases with patients given 
sufentanil compared favorably with those given fentanyl. 
We conclude that at these doses, with this surgery, there 
were no major clinical differences, though sufentanil produced 
significantly lower systemic vascular resistance at several 
events and had a lower plasma dopamine concentration after 
cardiopulmonary bypass. 


Key Words: ANESTHESIA, CARDIOVASCULAR. ANES- 
THETICS, inrRAVENOUS—sufentanil, fentanyl. 


Khoury et al. (6) gave S (7-10 um/kg) by bolus 
injection for induction of anesthesia and found that 
88% (117) of the patients required sodium nitroprus- 
side to control blood pressure. When an F dose of 50 
ug/kg was compared to an S dose of 10 ug/kg by 
Rosow et al. (12), they found that, in order to control 
hypertension, the percentage of patients given F (40%, 
¥s) requiring supplemental vasodilators or potent in- 
halational agents was twice that of patients given S 
(20%, 15). Griesemer et al. (5) compared bolus induc- 
tion doses of S (15 and 30 ug/kg) and reported hy- 
pertensive responses during sternotomy in 67% (%) 
and 17% (1%) of the patients, respectively. Sebel et al. 
(8) were able to reduce the percentage of patients with 
hypertension during sternotomy (40%, '%o) by sup- 
plementing the bolus induction dose of S (15 g/kg) 
with subsequent increments (250-500 ug) of S (total 
dose mean 19.4 ug/kg). De Lange et al. (13) gave S 
(300 g/min) infusions (total dose mean 12.9 wg/kg) 
and reported 11% (%8) of the patients had increases 
in systolic arterial pressure (SAP) greater than 20% of 
control during sternotomy. Bovill et al. (11) reported 
that with an incremental S dose schedule (1,2, 3, and 
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Table 1. Patient Demographics 
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Fentanyl 


Male mean (SD) 


Age (yr) 55.23 
(7.79) 
Weight (kg) 85.54 
(14.47) 
Body surface area (m°) 2.04 
(0.18) 
Control cardiac 

index (Lemin +m 7?) 2.82 
(0.45) 
Ejection fraction (%) 47.50 
(14.61) 
Number of graphs 3.00 
(0.58) 

Number of patients 14 


Sufentanil 
Female mean (SD) Male mean (SD) Female mean (SD) 

62,25" 57.87 47.67" 
(6.48) (8.64) (5.51) 
70.13 86.26 72.00 
(12.50) (11.93) (14.93) 
1:72 2.04 1:77 
(0.16) (0.15) (0.15) 
2.87 2.59 2.72 
0.53) (0.58) (0.13) 
62.17 57.07 50.00 
(9.83) (14.34) (13.10) 
2.75 2.64 3.00 
(1.17) (0.85) (1.00) 

8 23 3 


“When sex was not considered there was no significant difference between the drug groups. 


5 we/kg) 33% (%) of the coronary artery surgery pa- 
tients had increases in SAP greater than 20% of control 
during sternotomy. In view of conflicting data in pre- 
vious studies, we undertook a prospective random- 
ized trial comparing the cardiovascular dynamic and 
catecholamine stress responses to cardiac surgery per- 
formed by a single surgeon when either S (10, 5, and 
5 pg/kg) or F (50, 25, and 25 ug/kg) was used for 
anesthesia, based on doses found adequate by others 
(5,8,10,11,13). 


Materials and Methods 


Written, informed consent to participate was obtained 
from each of 48 patients (22 receiving F, 26 receiving 
S) scheduled to undergo elective coronary artery sur- 
gery (Table 1). The protocol was approved by the 
Human Subjects Review Committee of the Ohio State 
University. Patients taking propranolol were given 1⁄4 
their daily dose at the time of premedication, which 
consisted of oral lorazepam (0.05 mg/kg). In the op- 
erating suite, a radial arterial catheter, a 7-French bal- 
loon-tipped thermodilution pulmonary arterial cath- 
eter (model 93A-131, Edwards Laboratories Inc., Santa 
Ana, CA), and two wide bore, peripheral venous 
catheters were placed percutaneously under local 
analgesia. 

After preoxygenation, pancuronium bromide (0.1 
mg/kg) was given through the side port of the pul- 
monary arterial catheter introducer over 2 min, si- 
multaneously with infusion of F (50 pg/kg) or S (10 
gkg). Ventilation was then controlled manually with 
tracheal intubation, after the intratracheal adminis- 
tration of 4 ml of 4% lidocaine spray. At a rate of 10 
breaths per minute, ventilation was continued with 


100% oxygen at a tidal volume of 10 ml/kg. A further 
25 g/kg of F or 5 ug/kg of S was administered through 
the side port of the pulmonary arterial catheter in- 
troducer 2-3 min before sternotomy. This same dose 
was repeated with pancuronium (0.05 mg/kg) and lor- 
azepam (0.025 mg/kg) at the start of CPB. If, at any 
time, SAP increased more than 20% above control, a 
nitroglycerin (NTG) infusion (50 mg/250 ml) was 
started. Then, if hypertension was uncontrolled at a 
rate of 180 drops/min, nitroglycerin infusion was fol- 
lowed by enflurane or halothane in concentrations 
adequate to return blood pressure to control levels. 

CPB was conducted using a Spiraflo BOS-105 ox- 
ygenator (Bentley Laboratories Inc., Irvine, CA) with 
systemic hypothermia (30°C). Myocardial preserva- 
tion was achieved by intermittent infusion of a cold 
(4°C) cardioplegic solution (modified Plasma-Lyte, 
Travenol Laboratories, Deerfield, IL) into the proxi- 
mal aorta. Protamine (1 mg) to 100 units of heparin 
was the reversal dose used after CPB. At 15 points 
during the study, beginning with preoxygenation and 
concluding 4 hr after entering the SICU, cardiovas- 
cular dynamics were recorded. These data included 
heart rate (HR), systolic arterial pressure (SAP), dia- 
stolic arterial pressure (DAP), mean arterial pressure 
(MAP), central venous pressure (CVP), cardiac index 
(CI), mean pulmonary artery pressure (MPAP), pul- 
monary artery occluded pressure (PAO), cardiac out- 
put (CO), stroke index (SI), left ventricle stroke work 
index (LVSWI), systemic vascular resistance (SVR), 
and pulmonary vascular resistance (PVR). All of the 
variables were measured except SVR, SI, CI, LVSWI, 
and PVR, which were individually calculated in the 
usual manner. 

Cardiac output determinations were performed us- 
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Table 2. Powers of the Between-Drug-Groups ANOVA Test 
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Detectable difference 
between means 
Estimated Pooled Lower 95% Upper 95% (a = 0.05, Difference as 
population standard confidence confidence B = 0.10, percent of 
Variable name mean deviation limit limit power = 0.90) population mean 
Log D (picograms/ml) 2.13 0.20 2.07 2.19 0.20 9,39 
Log E (picograms/ml) 1.9] 0.26 1.83 199 O20 13.09 
Log N (picograms/ml) 2.49 0.21 2.43 2.55 0.21 8.43 
Log SAP (mm Hg) 217 0.08 Ato 2.19 0.08 3.69 
PAO (mm Hg) 12.58 4.55 11.25 13.91 4.46 35.45 
Log MAP (mm Hg) 1.97 0.08 1.95 2.00 0.08 4.06 
HR (beats/min) »7 31 11.05 64.09 7553 10.83 16.09 
Log CI (Lemin 5m `°) 0.42 0.10 0.39 0.44 0.10 23.81 
Log CO (L/min) 0.71 0.10 0.68 0.7: 0.10 14.08 
DAP (mm Hg) 69.71 14.57 65.46 73.96 14.28 20.48 
Log CVP (mm Hg) 0.89 0.26 Q.8I 0.97 0.25 28.09 
Log SVR (dyne-sec/emî) 3.13 0.11 3.10 3.16 0.11 3,5] 
Log PVR (dyne-sec/cm’) 2.05 0.24 1.98 PA 0.24 11.71 
Log LVSWI (g-m-beat m`?) 1.64 0.19 1.58 1.70 0.19 11.59 
SI (mbbeat m`?) 40.50 9.70 37.67 43.33 9,50 23.46 





This table shows that the actual limit of detectable difference was often less than 20% of the normalized data. 


ing a thermodilution cardiac output computer (Ed- 
wards Laboratories Inc., Santa Ana, CA, model 9520 
A); the recorded value consisted of the mean of two 
consecutive measurements that were within 10% of 
each other when time allowed (14). At six points in 
the study, 5 ml of arterial blood was withdrawn and 
placed in a tube containing EGTA (ethylene-glycol- 
bis(B-aminoethyl ether)-N,N-tetraacetic acid). The 
plasma was then separated in a refrigerated centrifu ge 
(International Equipment Company, Needham 
Heights, MA, model Centra-7R) and stored at — 80°C 
until simultaneous radioenzymatic assays for epi- 
nephrine (E), norepinephrine (N), and dopamine (D) 
levels were made (15). Recovery from surgery was 
estimated by four measurements: the elapsed time 
from the end of surgery to the recovery of eyelash 
reflex, to awakening, to orientation to place, and to 
extubation. 


Statistical Methods 


Statistical analyses were performed using Statistical 
Analysis System Inc. SAS computer software (16). 
Bartlett’s test for homogeneity of variances (17) was 
performed between the patient drug groups at each 
time period and over all time periods to determine 
which variables required log transformation (18) for 
the analysis of variance (ANOVA) and power calcu- 
lations. Shapiro and Wilk’s W-test (19) was then per- 
tormed on the variables and log-transformed variables 
to ensure that they were normally distributed. The 
log transformations and normality tests were per- 


formed to fulfill the assumptions of ANOVA (20). The 
power calculations (Table 2) were performed to de- 
termine the smallest difference between the drug group 
means detectable with the number of patients stud- 
ied. The estimate of the population mean was cal- 
culated from the mean of preinduction control values 
in all 48 patients (17). The pooled standard deviation 
was determined by taking the square root of the pooled 
estimate of common variance from the individual drug 
group variances, using a procedure described by Col- 
ton (21). The upper and lower 95% confidence inter- 
vals were calculated by a method that corrected the 
intervals for sample size by using percentiles of the 
sampling distribution of t (17). The detectable differ- 
ence was made using a conservative sample size of 
20 on an ANOVA power curve found in Dixon and 
Massey (17, Table A-13). A difference of 20% of the 
population mean was considered a significant change 
for each variable. A series of one-way ANOVA cal- 
culations with the probability of a type I error set at 
0.05 and the probability of a type II error set at 0.10 
(17) were performed on each of the variable means 
between the independent patient drug groups at each 
time period. Next, one-way repeated measures 
ANOVA tests for overall differences over time were 
performed for each patient group using the conserv- 
ative procedure of Greenhouse and Geisser (22). Dif- 
ferences within each patient group over time were 
determined by Duncan’s Multiple Range Test (23) with 
Kramer’s (24) extension to unequal numbers of rep- 
lications. To calculate percentage change from con- 
trol, the means were normalized so that all control 
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Systemic vascular 


resistance 
Heart rate (beats/min) Cardiac output (L/min) (dyne sec/cm’) 
Event Fentanyl Sufentanil Fentanyl Sufentanil Fentanyl Sufentanil 
period mean (SD) mean (SD) F 5 mean (SD) meari (SD) F S mean (SD) mean (SD) F S 
1 69.23 65.69 5.38 5.08 1367 1407 
(12.57) (9.59) (1.10) (1.18) (324) (426) 
2 71.09 69.65 5.37 6.19 ; , 1304 1099% ý 
(14.15) (11.35) (1.51) (1.91) (400) (373) 
3 69.55 68.65 5.29 5.72 1326 1132 b 
(14.62) (11:46) (1.59) (1.85) (468) (370) 
4 66.95 69.73 5.19 6.04" 1285 1035" ý 
(12.09) (12.15) (1.42) (1.65) (404) (282) 
5 65.91 67.00 4.37 5.00 1663 138% 
(11,35) (7.96) (1.05) (1.50) (512) (468) 
6 64.95 70.73 4.49 5.19 1691 1491 
(10.48) (12.25) (1.28) (2.01) (550) (480) 
7 62.32 72.27" 4.40 5.03 1697 1526 
(10.25) (12.22) (1.09) (1.32) (533) (456) 
8 66.95 73.31 4.55 5.02 1596 1453 
(12.84) (13.58) (0.96) (1.20) (398) (391) 
9 70.57 73.20 4.44 4,82 1520 1381 
(11.93) (11.57) (1.22) (1.11) (510) (347) 
10 81.77 79.50 i $ 6.39 6.90 # 927 779 á á 
(14.10) (14.28) (1.90) (1.66) (345) (184) 
11 80.32 81.58 i r 5.79 6.6% ” 1011 877 R p 
(14.65) (12.58) (1.07) (1.58) (376) (269) 
12 78.59 85.38 , a ? 5.64 6.08 ý 1140 1089 R j 
(14.50) (13.41) (1.68) (1.79) (520) (354) 
13 84.86 80.77 $ à 5.17 5 1387 1227 
(14.67) (16.26) (1.29) (1.42) (543) (416) 
14 79.00 81.54 $ á 5.16 5.63 1394 1174" 
(13.89) (14.40) (1.30) (1.03) (394) (340) 
15 83.20 83.42 $ j 5.15 5.32 1326 1197 
(14.47) (15.51) (1.29) (1.04) l B37 (412) 


Abbreviations; F, fentanyl patient group; 5, sufentanil patient group. ‘Indicates a significant difference between the patient drug groups at P < 0.05. 
‘Indicates a significant difference from pre-induction control means (P < 0.05) by the procedure described by Greenhouse and Geisser (21). Event periods 


are shown in Table 9. 


™ 


levels. were 0.00% for each patient. Analysis of vari- 
ance was performed on. the transformed data. The 
variables of time-to recovery of eyelash reflex, to 
awakening, to patient orientation, and to extubation 
were tested by the Kruskal-Wallis Rank Sum statistic 
with correction for ties (25). ‘At each event the percent 
of the total number of patients with the inciderice of 
either systolic hypertension, diastolic hypertension, 
or tachycardia was compared in both groups, using 
the Fisher exact probability test (26). Differences were 
considered Statistically significant if the exact proba- 
bility test value was less than or equal to 0.05. Car- 
diovascular dynamic values are reported as means 
with standard deviations (SD), and catecholamine val- 
ues are presented as means and standard error of the 
mean (SEM). Recovery from surgery values are re- 
ported as median times. 


Results 


Shapiro and Wilk’s normality W-test and Barlett’s 
homogeneity of variance test for the 15 time periods 
determined that the variables D, E, N, SAP, MAP, 
CO, CI, CVP, SVR, PVR, and LVSWI required log 
transformation to achieve normal distributions and 
equality of variances in both patient groups. Only the 
variable MPAP could not be normalized at all time 
periods by log transformation and therefore is not 
reported. The variable CVP did not achieve equality 
of variance over the 15 time periods, even with log 
transformation, although log transformation did 
achieve homogeneity of variance between the drug 
groups at each time period. We considered a differ- 
ence between the drug groups equal to 20% of the 
population mean to be clinically significant. Table 2 
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Table 4. Summary of Cardiovascular Dynamics 


Mean arterial pressure 


(mm Hg) 
Event Fentanyl Sufentanil Fentanyl 
Period mean (SD) mean (SD) mean (SD) 
1 98.05 93.38 153:3 
(17.97) (16.88) (30.2) 
2 92.23 87.78 139.3 
(20.84) (19.94) (30.7) 
3 89.31 83.88 135.0 
(18.77) (17.78) (26.8) 
4 86.99 82.71 133.6 
(15.04) (14.53) (24.0) 
5 92.66 88.50 137.5 
(12.67) (14.06) (18.1) 
6 94.49 96.31 141.9 
(11.49) (16.89) (16.6) 
Fi 95.02 97.98 142.5 
(15.73) (16.84) (17.9) 
8 94.26 93.93 140.8 
(14.59) (11.37) (47.1) 
9 84.88 86.94 126.5 
(13.69) (11.68) (21.3) 
10 77.78 76.87 119.4 
(9.19) (10.46) (15.7) 
H1 79.13 81.14 120.1 
(11.33) (12.16) (18.7) 
12 85.20 88.46 124.5 
(14.69) (9.38) (19.9) 
13 96.86 91.73 139.0 
(22.68) (15.58) (32.7) 
14 98.37 91.07 138.8 
(13.65) (14.04) (19.4) 
15 94.59 88.42 135.5 
(15.92) (13.61) (22.4) 


Systolic arterial pressure 
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Diastolic arterial pressure 


(mm Hg) (mm Hg) 
Sufentanil Fentanyl sufentanil 
mean (SD) mean (SD) mean (SD) 

146.4 70.36 69.15 
(22.8) (15.30) (13.93) 
134.8 68.73 64.27 
(32.0) (16.76) (15.35) 
127.4 66.50 62.12 
(28.2) (15.83) (13.74) 
125.2 63.64 61.50 
(24.9) (11.78) (11.21) 
130.7 70.27 67.38 
(22.5) (11.85) (11.28) 
141.5 70.77 73.69 
(26.5) (11.58) (14.10) 
146.3 ri 73.85 
(24.1) (15.71) (14.56) 
141.2 71.00 70.31 
(19.1) (14.57) (9.45) 
128.9 64.09 66.36 
(19.4) (12:97) (11.01) 
114.5 56.95 58.08 
(14.7) (7.80) (9.43) 
121.8 58.68 61.08 
(16.6) (9.53) (11.00) 
127.9 65.59 68.73 
(16.6) (13.92) (8.51) 
132.5 75.86 71.35 
(25.2) (19.42) (15.25) 
131.7 78.15 TOTT 
(21.8) (12.48) (13.23) 
126.1 74.15 69.58 
(21.0) (14.09) (12.32) 





Symbols are the same as those described in Table 3. Event periods are described in Table 9. 


indicates the difference between drug groups that could 
be detected with a power of 0.90 for the coronary 
artery surgery population. In only four incidences was 
this difference above 20% of the population mean. A 
difference of 35% could be detected for the variable 
PAO, log CI showed a 24% difference, log CVP showed 
a 28% difference, and SI showed a difference of 23% 
of the population mean. 

There were no statistically significant differences 
in demographic data between either of the groups 
(Table 1) except age when separated by sex. When 
sex was not considered, age was no longer signifi- 
cantly different. Fisher's exact test determined that 
there was no difference between the groups for the 
number of patients taking propranolol (S, !%6; F, 172). 
Analysis of variance revealed that there also was no 
difference between the patient groups for the daily 
propranolol dose (S, 178 + 83 mg/day; F, 177 + 78 
mg/day). Analysis of variance indicated that there were 
no significant differences in presurgical hemody- 


namic and catecholamine status between the patients 
given S and patients given F. This applied equally 
whether the patients were or were not taking £- 
adrenergic inhibitors before surgery. 

Tables 3, 4, 5, and 6 summarize the cardiovascular 
data. No statistically significant differences were found 
between treatment groups with respect to duration 
of anesthesia or surgery. In general, catecholamine 
concentrations and hemodynamic responses re- 
mained stable during induction of anesthesia and prior 
to sternotomy. However, there was a significant dif- 
ference (Table 7) in mean HR between the patient 
groups 2 min after sternotomy (S, 72.3; F, 62,3; P = 
0.0041). When HR was normalized as percent change 
from control levels, the mean percent change from 
control was greater with S than with F during ster- 
notomy (S, 9.00%; F, —4.13%; P = 0.0257), 2 min 
after sternotomy (S, 12.03%; F, ~ 8.42%; P = 0.0013), 
5 min after sternotomy (S, 12.61%; F, — 1.75%; P = 
0.0155), and during chest closure (S, 31.40%; F, 16.23%; 
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Table 5. Summary of Cardiovascular Dynamics 
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Cardiac index (Lemin ` m`?) LVSWI (g-m-beat~ sm > *) (mbbeat™ m`?) 
Event Fentanyl Sufentanil Fentanyl Sufentanil Fentanyl Sufentanil 
period mean (SD) mean (SD) F 5 mean (SD) mean (SD) mean (SD) mean (SD) 
l 217 2.545 51.24 44.02 41.72 39.48 
(0.495) (0.580) (21.23) (16.48) (9.62) (9.76) 
2 2:792 3.087 44.87 45.29 40.06 44.53 
(0.586) (0.902) (15.16) (16.27) (9.17) (10.85) 
3 2.796 2.850 45.90 40.10 41.99 41.16 
(0.777) (0.877) (22.28) (14.48) (15.58) (10.70) 
4 2.734 3.017 42.61 41.85 40.88 44.14 
(0.697) (0.790) (14.65) (9.15) (10.97) (8.65) 
5 2.291 2.508 41.19 38.72 36.02 37.68 
(0.508) (0.729) (14.95) (11.74) (10.68) (10.44) 
6 2.349 2.588 48.61 41.85 39.60 37.31 
(0.615) (0.909) (36.33) (13.63) (17.45) (13.42) 
£ 2.304 2:929 44.01 40.78 37.57 35.55 
(0.513) (0.640) (13.46) (11.58) (8.77) (9.47) 
8 2.384 2.520 41.75 38.97 36.48 35.26 
(0.439) (0.597) (11.98) (11.06) (7.89) (9.50) 
9 2.345 2.419 33.73 35.61 34.33 33.62 
(0.704) (0.604) (11.95) (12.63) (12.22) (9.19) 
10 3.349 3.445 36.76 36.94 41.85 44.73 
(0.966) (0.757) (18.26) (13.27) (13.19) (14.30) 
11 3.047 3.333 35.30 36.16 39.45 41.83 
(0.595) (0.675) (16.08) (9.58) (12.05) (11.55) 
12 2.963 3.044 36.97 35:52 38.57 36.23 
(0.851) (0.864) (11.94) (9.74) (11.60) (10.46) 
13 2.706 2.764 36.77 37.62 32.17 35.22 
(0.704) (0.682) (14.41) (15.37) (8.51) (10.19) 
14 2.674 2.813 39.94 37.79 34.77 35.73 
(0.634) (0.461) (15:75) (11.49) (10.92) (9,29) 
15 2.663 2.685 35.43 33.49 32.73 33.20 


(0.604) 


(0.476) 


(12.73) 


(9.66) 


(9.33) 


(8.18) 


Teena rennin errr r teenie ep pes 


Symbols are the same as those described in Table 3. Event periods are described in Table 9. LVSWL left ventricle stroke work index. 


P = 0.0358). As seen in Figure 1, S was also associated 
with a greater frequency of HR, above 95 beats/min 
at these events than was F. 

Statistically significant differences calculated from 
the log of CO between the patient groups occurred 2 
min after intubation (S, 6.04; F, 5.19) and 5 min after 
protamine was given (S, 6.69; F, 5.79; Table 7). Cal- 
culation of percent change from control showed that 
the patients given S had significantly greater percent 
change in CO 1 min after induction (S, 27.31%; F, 
0.18%; P = 0.0191), 2 min after intubation (S, 24.57%; 
F, ~—2.12%; P = 0.0178), prior to skin incision (S, 
1.94%; F, —17.52%; P = 0.0225), during sternotomy 
(S, 4.65%; F, — 15.00%; P = 0.0331), 2 min after ster- 
notomy (S, 2.43%; F, —16.32%; P = 0.0109), 5 min 
after sternotomy (S, 3.35%; F, ~ 12.65%; P = 0.0423), 
and 5 min after protamine (S, 42.56%; F, 12.02%; 
P = 0.05). 

Neither log MAP, DAP nor log SAP was statisti- 
cally significantly different in the two groups (Table 


4). Patients given S had significantly lower (Table 7) 
log transformed SVR 1 min after induction (S, 1099; 
F, 1304), 2 min after intubation (S, 1035; F, 1285), prior 
to skin incision (S, 1389; F, 1663), and in the second 
postoperative hour (S, 1174; F, 1394). The normalized 
percent changes in SVR from control levels mirrored 
these results for three of the time periods, e.g., SVR 
changes 1 min after induction (S, — 18.40%; F, — 1.78%; 
P = 0.0457); 2 min after intubation (S, — 22.78%; F, 
— 1.00%, P = 0.0202); and after 2 hr in the SICU (S, 
~ 11.68%; F, 9.90%; P = 0.0255). The PAO, log CVP, 
and log CI means were not statistically significantly 
different between the two patient groups at any time. 
During chest closure (Table 7), log PVR levels were 
significantly lower for patients given S (S, 96.35 125.23), 
although this difference was less than 20% of the pop- 
ulation mean. 

To investigate changes from control values and in- 
terrelationships between HR, CO, and SVR (Table 3), 
one-way repeated measures ANOVA for each patient 
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Table 6. Summary of Cardiovascular Dynamics 
Pulmonary artery ocduded pressure Central venous pressure (mm Hg) Pulmonary vaselar resistance 
Event Fentanyl Sufentanil Fentanyl Sufentanil Fentanyl Sufentanil 
period mean (SD) mean (SD) F S mean (SD) mean (SD) F S mean (SD) mean (SD) F S 
1 12.64 12.54 8.273 10.346 113.4 144.3 
(4.49) (4.61) (4.366) (8.989) (93.3) (69.5) 
2 11.64 12.81 8.318 8.308 103.2 105.6 
(4.57) (4.69) (3.657) (3.761) (60.2) (46.0) 
3 11.73 12.46 8.046 8.654 94.5 118.0 
(5.02) (4.68) (3.359) (3.959) (66.5) (77.2) 
4 11.59 12.04 8.546 8.654 95.1 93.3 
(4.84) (4.40) (4.217) (3.199) (61.5) (36.1) 
5 11.00 I1 7.000 8.846 107.9 98.5 
(3.74) (3.40) (2.879) (4.047) (47.6) (50.5) 
6 10.68 11.69 6.455 8.423 117.7 114.4 
(3.76) (2.92) (3.218) (3.859) (71.0) (54.5) 
7 10.86 12.15 7273 7.615 134.9 108.4 
(3.94) (3.84) (3.341) (3.176) (64.5) (55.9) 
8 12.00 11.62 6.818 7.308 117.3 108.3 
(5.06) (3.83) (3.065) (2.853) (78.3) (54.9) 
9 10.30 9.76 : 5.950 7.480 99.5 100.9 
(4.47) (3.55) (2.874) (3.280) (50.7) (37.4) 
10 16.77 16.00 á 10.000 12.269 : 96.5 101.6 
(71.0) (5.33) (4.163) (4.721) (51.6) (59.9) 
11 15.36 16.62 i 10.182 11.885 130.9 95.8 
(5.39) (4.85) (4.350) (4.910) (102.8) (57.7) 
12 15.18 15.54 j 12.182 12.462 $ : 125.2 96.4" 
(5.33) (3.99) (5.039) (3.860) (66.5) (80.8) 
13 14.40 14.12 13.500 12.615 b : 111.8 115.5 
(4.32) (3.97) (4.651) (3.419) (70.2) (60.0) 
14 14.84 12.62 13.526 11.885 s j 124.7 119.8 
(5.55) (4.71) (4.155) (3.973) (70.7) (71.0) 
15 14.42 13.63 13.579 13.208 . , 142.1 145.4 
(5.40) (4.53) (3.079) (3.788) (50.4) (94.5) 
Symbols are the same as those described in Table 3. Event periods are described in Table 9. 
Table 7. ANOVA Summary Table 
Event F test Fentany] Sufentanil 
Source period value P value mean (SD) mean (SD) 
Log D 12 5.03 0.0337 2.3499 2.1603 
(0.252) (0.192) 
Heart rate 7 9.14 0.0041 62.32 yea 
(10.25) (12.22) 
Log CO 4 4.41 0.0413 0.7007 0.7676 
(0.1152) (0.1055) 
Log CO 11 4,68 0.0358 0.7545 0.8144 
(0.0927) (0.0981) 
Log CVP 6 4.08 0.0494 0.744 0. 
(0.270) (0.203) 
Log SVR 2 4.05 0.0500 3.097 3.016 
(0.127) (0.152) 
Log SVR 4 5.45 0.0240 3.088 2.997 
(0.138) (0.131) 
Log SVR 5 4.10 0.0486 3.202 3.118 
(0.131) (0.153) 
Log SVR 14 4.24 0.0455 3.129 3.053 
(0.120) (0.123) 
Log PVR 12 5.33 0.0255 2.053 1.899 
(0.195) (0.256) 


Event periods are the same as those described in Table 9. Abbreviations: D, dopamine concentration (picograms/ml); CO, cardiac output; CVP, central 
venous pressure; SVR, systemic vascular resistance; PVR, pulmonary vascular resistance; (SD), standard deviation. 
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drug group over time was performed using the con- 
servative procedure of Greenhouse and Geisser (22). 
When the ANOVA indicated that there were signif- 
icant changes, Duncan's Multiple Range Test (23) with 
Kramer’s (24) extension to unequal numbers of rep- 
lications determined which mean values were signif- 
icantly different from preinduction control levels. This 
analysis disclosed that patients given S had signifi- 
cantly higher HR and CO (or CI) 2 min after prot- 
amine, 5 min after protamine, and during chest clo- 
sure, correlating with significantly lower levels of SVR. 
In contrast, patients given F did not have these changes 
because CO did not change significantly from the con- 
trol at any time measured. When 5 was given, SVR 

was significantly reduced from the control during in- 
duction with simultaneously elevated CI, but HR re- 
mained at control levels. 

Induction of anesthesia was associated with a re- 
duction in plasma catecholamine levels in both nar- 
cotic groups. However, there were no statistically sig- 
nificant differences between the two narcotics in any 
of the catecholamine levels (Fig. 2), except that the 
level of D during chest closure (Table 7) was signifi- 
cantly lower with 5 than with F (S, 156.3; F, 271.3). 
There was also an increase in plasma levels of all 
catecholamines during bypass, the greatest increase 
in the N level. When the ANOVA procedure of 
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Figure 1. Representation of the percent of 
the patients in both drug groups that ex- 
ceeded the criteria indicated, Analysis by 
Fisher’s exact test showed there were no 
significant differences between the two 
narcotics during the anesthetic and the 
early postoperative course. The event times 
are the same as in Table 9. 
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Greenhouse and Geisser (22) was used, the E con- 
centration significantly increased above the control 
level during CPB only in patients given 5. In contrast, 
the N concentration significantly increased above the 
control level during CPB only in patients given F (22). 

Proportional analysis was performed on hyperten- 
sion and tachycardia using the Fisher exact probability 
test (26). Comparisons were made between the per- 
cent of patients within each drug group with the in- 
cidence of either hypertension or tachycardia (Fig. 1). 
There was no statistical difference between the drug 
groups at any time, based upon the criteria shown in 
Figure 1. Comparison of blood pressure increase ex- 
ceeding 20% of control between the narcotic groups 
reached statistical significance in the fourth postop- 
erative hr, when more patients given F (18%, 422) had 
blood pressure increases compared to patients given 
S (0%, P < 0.05) (26). 

Four of the F-treated group and seven of the S- 
treated group had NTG administered intraoperatively 
during at least one measurement period. Initiation of 
NTG treatment was influenced more by the SAP ex- 
ceeding 160 mm Hg than by the protocol’ s criterion 
of 20% SAP increase over control. Inhalational sup- 
plementation of anesthesia was necessary in four pa- 
tients in each group. Postoperatively six of the F-treated 
group and eight of the S-treated group required NTG 
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DOPAMINE 
Mean, SEM 


Figure 2. Comparison of the initial cate- 
cholamine levels and response of patients 
undergoing cardiac surgery with either 
fentanyl or sufentanil anesthesia. The 
numbers representing events can be re- 
ferred to in Table 9. 


Mean, SEM 


Plasma Concentration ipicograms/ milliliter} 


within 3 hr of their admission to the SICU. There was 
no statistically significant difference between the two 
groups in the frequency with which intraoperative (S, 
27%; F, 18%) or postoperative (S, 31%; F, 27%) va- 
soactive agents were used (26). 

The median time from induction to loss of eyelash 
reflex was shorter for the patients given S than for 
the patients given F (median time (in min): S, 1.4; F, 
2.0; P = 0.07). Times for recovery from surgery were 
comparable in the two groups. No Statistically sig- 
nificant differences in recovery were found between 
the two groups (Table 8). There was no evidence of 
recall in either patient group. 


Discussion 


sion that is in agreement with other workers who have 
used S in this manner (5-8). We find that S does 
decrease SVR at more events than does F, but other 
differences in cardiovascular stability are difficult to 
demonstrate between the two drugs. 

A double-blind comparison of S (2 ug/kg) and F (20 
ug/kg) used as a supplement to balanced anesthesia 
failed to distinguish between the two drugs from the 
view of cardiovascular and catecholamine responses 
(28). In balanced anesthesia not involving cardiac sur- 
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Table 8. Comparison of Recovery Times 

Parameter Fentanyl Sufentanil 
a ae, 
Recovery of eyelash reflex (hr) 





Median 4.3 4.6 

Min 0.1 0.3 

Max 19.8 14.0 
Time to awake (hr) 

Median Dis 6.5 

Min 1.9 0.3 

Max 19.8 16.0 
Time to orientation (hr) 

Median 6.] ye 

Min 1.9 1.6 

Max 19.8 23.1 
Time to extubation (hr) 

Median 18:5 17.0 

Min 9.7 4.3 

Max 58.3 88.0 


ert arene etn ne wep ce 


No significant difference could be detected by the Kruskal-Wallis Rank 
Sum Statistic. 


gery, Kalenda and Scheijgrond found, in comparing 
F and S, that SAP and HR were similar with both 
drugs (29). The data reported by De Lange et al. (13) 
suggest that cardiovascular stability, with respect to 
a lesser increase in HR after sternotomy hypertension, 
is better with S than with F. Contrary to the findings 
of Khoury et al. (6), we did not find any significant 
increases in HR with S because of the use of pancu- 
ronium. Pancuronium was given simultaneously with 
the narcotics, and our pancuronium dose (0.1 mg/kg) 
was slightly lower than that used by Khoury et al. 
(0.12 mg/kg). 


Table 9. Event Periods 


Event period Event 


1 Preinduction control 
2 One minute after induction 
3 One minute after intubation 
4 Two minutes after intubation 
5 Prior to skin incision 
6 Sternotomy 
7 Two minutes after sternotomy 
8 Five minutes after sternotomy 
9 Five minutes into cardiopulmonary bypass 
10 Two minutes after protamine 
11 Five minutes after protamine 
12 Chest closure 
13 Entry into the surgical intensive care unit 
14 Two hours into the surgical intensive care unit 
15 Four hours into the surgical intensive care unit 


Even when considering the peripheral vasodilatory 
effects of protamine, it should be noted that a pattern 
of significantly reduced SVR with simultaneous ele- 
vations in CO (or CI) and HR above control levels 
was better maintained with S in the time between 
protamine administration and chest closure. Patients 
given F exhibited transitory reduced SVR with si- 
multaneous elevations in CI and HR above control 
levels only 2 min after protamine (Table 3). These 
observations suggest that anesthesia with high doses 
of S may have a vasodilatory effect, a characteristic 
that was seen during induction, after protamine 
administration, and in the SICU, when a significantly 
lower SVR was found in the S-treated group. How- 
ever, the induction hemodynamics could have been 
entirely due to the fact that S was a more potent drug 
administered in a smaller volume. 

Our results with regards to catecholamine reponse 
differ from those described by Sebel et al. (10). They 
found marked (5-10-fold) elevations of catecholamine 
concentrations during bypass and in the early post- 
operative period, while our results were less striking 
(2—4-fold). In our study, no significant differences in 
plasma E or N levels were found in the two groups 
prior to CPB, results that are in agreement with those 
reported by Murkin et al. (30). As seen in Figure 2, 
mean E and N concentrations approximately doubled, 
from 5 min after sternotomy to 5 min into CPB. This 
may reflect a change in stress hormone release after 
CPB or very low levels of narcotic left in the central 
nervous system. The techniques of narcotic admin- 
istration and neuromuscular blockade used in our study 
are comparable to Sebel et al. (10) and Bovill et al. 
(11), except that we used a slightly different dosing 
schedule (Sebel: 12, 3, and 7 ng/kg; Bovill: 12, 3, and 
5 pe/kg; Howie: 10, 5, and 5 ug/kg), perhaps allowing 
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maintenance of higher levels of S during these stress 
periods. Differences in catecholamine concentrations 
may be entirely due to small variations in techniques 
of narcotic administration or surgical manipulation. 
The higher D levels found during chest closure in F 
patients was not due to the use of dobutamine as its 
administration had been carefully excluded in the pa- 
tients reported here. The mechanism for this signif- 
icant difference in D levels between F and S patients 
cannot be explained by our methods of investigation. 
No morbidity findings could be attributed to any cate- 
cholamine changes with either drug. 

The electroencephalographic effect of S has been 
found to be indistinguishable from that of F (31,32). 
This suggests that the two agents have very similar 
actions on the central nervous system. We found no 
instance of awareness during our study and felt that 
both S and F in combination with lorazepam provided 
adequate anesthesia for cardiac surgery. Like De Lange 
et al. (13), we were unable to distinguish any differ- 
ences in recovery in patients given F or 5. 

Although sufentanil is 5-10 times more potent than 
fentanyl (1), it appears to have similar effects on car- 
diovascular dynamics, metabolic responses to sur- 
gery, and neurophysiological effects. Only during 
sternotomy was sufentanil control of blood pressure 
less evident than fentanyl control, by the criteria in 
Figure 1. Because S can reduce SVR better than F, 
allocating more of the total dose of narcotic for ster- 
notomy and raising the drug plasma concentration at 
this point may improve the control of hypertension 
(33). 


The authors wish to thank Dr. Peter S. Sebel for his advice in the 
preparation of this manuscript and Dr. Gerard S. Kakos for his 
cooperation and permission to study his patients. 
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Intraoperative Changes in Blood Coagulation and 
Thrombelastographic Monitoring in Liver Transplantation 


Yoo Goo Kang; MD, Douglas J. Martin, MD, Jose Marquez, MD, Jessica H. Lewis, MD, 
Franklin A. Bontempo, MD, Byers W. Shaw Jr, MD, Thomas E. Starzl, MD, and 


Peter M. Winter, MD 


KANG YG, MARTIN DJ, MARQUEZ J, LEWIS JH, 
BONTEMPO FA, SHAW BW jr, STARZL TE, 

WINTER PM: Intraoperative changes in blood coagulation 
and thrombelastographic monitoring in liver 
transplantation. Anesth Analg 1985;64:888—96. 


The blood coagulation system of 66 consecutive patients 
undergoing consecutive liver transplantations was moni- 
tored by thrombelastograph arid analytic coagulation profile. 
A poor preoperative coagulation state, decrease in levels of 
coagulation factors, progressive fibrinolysis, and whole blood 
clot lysis were observed during.the preanhepatic and an- 
hepatic stages of surgery. A further general decrease in 
coagulation factors and platelets, activation of fibrinolysis, 


and abrupt decrease in levels of factors V and VII occurred 
before and with reperfusion of the homograft. Recovery of 
blood coagulability began 30-60 min after reperfusion of 
the graft liver, and coagulability had returned toward base- 
line values 2 hr after reperfusion. A positive correlation was 
shown between the variables of thrombelastography and those 
of the coagulation profile. Thrombelastography was shown 
to be a reliable and rapid monitoring system. Its use was 
associated with a 33% reduction of blood and fluid infusion 
volume, whereas blood coagulability was maintained with- 
out an increase in the number of blood product donors. 


Key Words: BLOOD—coagulation. LIVER—trans- 
plantation. 





Liver transplantation, which began as highly exper- 
imental surgéry 20 yr ago, is now recognized as a 
major means of therapy for patients with end-stage 
liver disease (1). However, massive blood loss during 
liver transplantation is still a major concern. The liver 
produces most of the blood coagulation factors, so it 
is not surprising that we see very low levels of these 
factors and prolonged prothrombin time (PT) and ac- 
tivated partial thromboplastin. time (aPTT) in many 
patients receiving liver transplants (2). Frequently we 
_ have seen thrombocytopenia, which may result from 
- gastrointestinal bleeding, splenomegaly, or malnu- 
trition (3). At the same time, numerous collateral 
channels and portal hypertension, together with in- 
creased capillary fragility, make maintenance of sur- 
gical hemostasis very difficult. 

Previous studies on the blood coagulation system 
in humans and in animals undergoing liver trans- 
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plantation have demonsttated dilutional coagulop- 
athy associated with massive blood transfusion, de- 
creased fibrinogen levels, and thrombocytopenia (4,5). 
Fibrinolysis, beginning during the anhepatic stage of 
surgery and becoming “explosive” on.reperfusion of 
the homograft, has been reported (6). A consumption 
coagulopathy accompanied by an increased level of 
fibrin degradation products appeared to play a major 
role (7). However, these observations were limited to 
a few patients in the early era of liver transplantation, 
and comprehensive inforrnation is still lacking. 

Another difficulty in the intraoperative manage- 
ment of liver transplantation has been actively mon- 
itoring the coagulation system and determining the 
appropriate treatment during dyriamic blood volume 
changes. The use of the thrombelastograph (TEG) was 
suggested by von Kaulla et al. (4) and Howland et al. 
(8). However, the efficacy of thrombelastographic 
monitoring of blood coagulation during liver trans- 
plantation has not been established. 

The purpose of our study was to investigate the 
changes in the blood coagulation system, the clinical 
applicability of thrombelastography as a monitoring 
system, and the clinical effectiveness of thrombelas- 
tography-guided replacement therapy in a large group 
of patients undergoing liver transplantation. 


COAGULATION IN LIVER TRANSPLANTATION 
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Methods 


Patients undergoing liver transplantation between 
February 1983 and January 1984 were observed as 
prospective members for the study. All patients had 
two indwelling 8.5-French catheters inserted for vol- 
ume infusion, one in an antecubital vein and another 
in an internal or an external jugular vein. In addition, 
a flow-directed pulmonary arterial catheter was in- 
serted via the right internal jugular vein, and an in- 
dwelling catheter was placed in a radial artery. Nor- 
mal saline solution without heparin was used for 
continuous flushing of the pressure-monitoring cath- 
eters to avoid anticoagulant effects. A rapid infusion 
system was developed (by JJ Sassano, University of 
Pittsburgh School of Medicine), which was able to 
deliver warmed, premixed fluid at a rate of up to 2000 
ml/min (Fig. 1). This device was used to replace lost 
blood volume with a fluid composed of red blood cells 
(RBC), fresh frozen plasma (FFP), and electrolyte so- 
lution (Plasma-lyte A, Travenol Laboratories Inc., 
Deerfield, IL 60015) in a ratio of 300:200:250 ml. All 
blood products were preserved with citrate phosphate 
and dextrose with adenine (CPDA-1). Intraoperative 
volume infusion was guided by systolic blood pres- 
sure, heart rate, and pulmonary capillary occlusion 
pressure measurements. Arterial blood gas tensions 
and serum electrolytes, glucose, and ionized calcium 
levels were monitored every hour, though more fre- 
quently if clinically indicated. 

Coagulation tests employed previously described 
methods (9-11) and were performed for patient care 
purposes at times when sudden or profound changes 
were anticipated. Blood samples (15 ml each) were 
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Figure 1. A rapid infusion system, de- 
veloped by JJ Sassano, MD, of the Univer- 
sity of Pittsburgh School of Medicine. 





To #iOg 
or MBF 
iV with or 

| without 
extensions 







3- way 
stopcocks 


obtained at various intervals: before induction of 
anesthesia; 30 min after beginning the operation; 
thereafter every 2 hr or after infusion of every 6 L of 
blood volume; 5 min into the anhepatic stage; 30 min 
into the anhepatic stage; 5 min after reperfusion of 
the homograft; 30 min after reperfusion; and there- 
after every 2 hr or after infusion of every 6 L of blood 
volume. The blood coagulation profile included mea- 
surements of PT; aPTT; thrombin time (TT); reptilase 
time; levels of factors I, IH, V, VIL, VIU, IX, X, XI, and 
XII; fibrin degradation product (FDP) level; euglobulin 
lysis time (ELT); and platelet count. 

At the same time, whole blood was used for throm- 
belastographic monitoring of blood coagulation (12). 
Whole blood (0.36 ml) was placed in the Thrombe- 
lastograph D (Hellige Company, Freiburg, Germany), 
and four drops of mineral oil were spread over the 
blood surface to prevent evaporation of blood. The 
recording began 4 min from the blood sampling time. 
The TEG is shown schematically in Figure 2. It re- 
peatedly measures the shear elasticity of a blood clot 
from the time when the first fibrin strands are formed 
to the completion of the clot formation, including fi- 
brinolysis. An oscillating cup contains 0.36 ml of whole 
blood kept at 37°C. A pin, suspended by a torsion 
wire, is lowered into the blood specimen in the cup. 
While the blood remains fluid, the container motion 
does not influence the pin. Once the clot begins to 
form, the fibrin strands gradually strengthen their 
hold on the cup and pin. Therefore, the cup is coupled 
to the pin; and the shear elasticity of the blood clot, 
which is transmitted to the pin, is recorded on thermal 
paper. The TEG records the activity of whole blood 
coagulation (13), including cellular and humoral ele- 
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Figure 2. Thrombelastography: sensitive bedside monitoring of co- 
agulation. It measures the shear elasticity of a blood clot from the 
time when the first fibrin strands are formed to the completion of 
the clot formation, including fibrinolysis. 


ments such as interactions of RBC, platelets, coagu- 
lation factors, and calcium. The following variables 
were measured (Fig. 3): reaction time (R, min); max- 
imum amplitude (MA, mm); amplitude 60 min after 
MA (Ago, mm); coagulation time (R + k, min); clot 
formation rate (a, °); blood clot lysis time (F, min); 
and blood clot lysis index (Ago/MA x 100, F). 

The blood product replacement therapy was guided 
by the results of thrombelastographic monitoring. A 
prolonged reaction time (R > 15 min) was treated with 
2 units of FFP and a decrease in maximum amplitude 
(MA < 40 mm), with 10 units of platelets. Cryopre- 
cipitate (6 units) was infused when the above therapy 
did not improve coagulation or when the clot for- 
mation rate was slow (a < 45°). However, because 
the anhepatic stage of surgery included veno-venous 
bypass (femoral and portal vein to axillary vein) with- 
out systemic heparinization, infusion of platelets and 
cyroprecipitate was withheld during that stage to lessen 
the chance of thromboembolism. To evaluate the clin- 
ical effectiveness of TEG-guided replacement thera py, 
the blood volume infused in these patients (TEG- 
monitored group) was compared with that of a group 
of patients who received liver transplants between 
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August 1981 and January 1983 without TEG moni- 
toring (nonmonitored group). 

The measurements of all the coagulation factor lev- 
els, thrombelastographic variables, and infused blood 
product volumes were analyzed by analysis of vari- 
ance of repeated measures, nonparametric Wilcoxon 
test, linear regression, and y-analysis. P < 0.05 was 
considered statistically significant. 


Results 


Sixty-six adult patients received liver transplants be- 
tween February 1983 and January 1984. Three patients 
for whom data were insufficient were excluded from 
the analysis. The surgical procedure was arbitrarily 
divided into three distinct stages: stage I, isolation of 
the host liver; stage II, the anhepatic stage; and stage 
I, postreperfusion of the graft liver. 


Changes in Coagulation Profile 


Patients were divided into six groups according to the 
etiology of their underlying disease: primary biliary 
cirrhosis, postnecrotic cirrhosis, sclerosing cholangi- 
tis, neoplasm, miscellaneous liver diseases, and re- 
transplantation. Preoperative diagnoses in the mis- 
cellaneous group were cryptogenic cirrhosis, acute 
chemical hepatitis, Wilson’s disease, hemochroma- 
tosis, and al-antitrypsin deficiency. Preoperative co- 
agulation profiles were abnormal ina large proportion 
of patients: PT in 41 (65%), aPTT in 45 (71%), factor 
I level in 9 (14%), factor V level in 37 (599%), factor VH 
level in 35 (56%), factor VIII level in 2 (3%), and plate- 
let count in 44 (70%). ELT was less than 2 hr in 17 
patients (27%), and FDP was positive in 15 patients 
(24%). The mean preoperative coagulation profile of 
each disease group is shown in Table 1. PT was pro- 
longed in patients of all groups, and it was remarkably 
prolonged in patients in the postnecrotic cirrhosis and 
miscellaneous disease groups. aPTT was prolonged 
in all patients except those with neoplasms. The plate- 
let count was significantly decreased in patients with 
sclerosing cholangitis and in the miscellaneous dis- 
ease group. All patients except those in the miscel- 
laneous group demonstrated a relatively normal fi- 
brinogen level. The level of factor V was higher than 
0.5 U/ml in the patients of the neoplasm, primary 
biliary cirrhosis, and retransplantation groups. Factor 
VIII level was higher than 1.0 U/ml in all but six patients. 

Intraoperative coagulation profile and thrombelas- 
tographic measurements of patients with primary bil- 
lary cirrhosis (11 patients) are shown in Table 2. Dur- 
ing stage I of surgery, PT and aPTT remained 
prolonged. All the coagulation factor levels, including 
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the platelet count, decreased progressively during 
surgery. In stage II (anhepatic stage) the levels of all 
coagulation factors did not change significantly, al- 
though aPTT was progressively prolonged and ELT 
became shortened. On reperfusion of the homograft 
(stage If] + 5 min), PT and aPTT were remarkably 
prolonged, and levels of all other coagulation factors 
were significantly decreased. With the progress of 
surgery, coagulation profiles improved slowly, begin- 
ning 30 min after reperfusion (IH + 30 min). At the 
end of surgery, PT and aPTT returned toward pre- 
operative values, and platelet counts and the levels 
of coagulation factors, except factor V, returned 
toward clinically acceptable levels. The level of factor 
V,0.23 + 0.13 U/ml, was the lowest of the coagulation 
factors at the conclusion of surgery. Reptilase time 
and TT were measured in all 11 patients; both were 
moderately prolonged in all these patients, indicating 
a possible dysfibrinogenemia. A remarkably pro- 
longed TT was noted in three patients: two at stage 
II and one at the beginning of stage III. A significant 
change was seen in ELT. The mean ELT, 215 + 77 
min at the time of induction of anesthesia, decreased 
progressively during the first stage of surgery. It 
reached a minimum value at the time of reperfusion 
of the homograft (68 + 53 min) and had returned 
toward the preoperative value at 2 hr in stage HI (III 
+ 120 min). 

Intraoperative change in fibrinolytic activity in all 
patients is shown in Table 3. Four patients had an 
ELT of less than 1 hr at the beginning of surgery; that 
number increased to 21 by the time of homograft re- 
perfusion. ELT improved toward preoperative values 
at the end of surgery, remaining shorter than 1 hr in 
only one patient. A significant number of patients (15) 
had a slightly positive test for FDP at the beginning 
of surgery. The number increased to 26 patients by 2 
hr after reperfusion of the homograft, and FDP re- 
mained positive in 22 patients at the conclusion of 
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Figure 3. Variables and normal values 
measured by thrombelastography. Abbre- 
viations: K~~-reaction time, 6-8 min; R + 
k—coagulation time, 10-12 min; a—clot 
formation rate, > 50°; MA—~maximum 
amplitude, 50-70 mm; Ago—amplitude 60 
min after MA; Aw/MA-100—whole blood 
clot lysis index, > 85%; and F—whole 
blood clot lysis time, > 300 min. 


surgery, although the concentrations of FDP were never 
high. 


Thrombelastographic Variables 


The intraoperative change in TEG variables of patients 
with primary biliary cirrhosis is shown in Table 2. 
Preoperative values indicated a slightly prolonged re- 
action time (R). The maximum amplitude (MA) and 
clot formation rate (aœ) were 54.6 + 11.2 mm and 55.5 
+ 8.5", respectively. The whole blood clot lysis index 
(Aa MA x 100) was 83%, which indicates whole blood 
clot lysis activity. The R value was prolonged during 
the early phase of the third stage of surgery. It was 
prolonged significantly at the time of reperfusion of 
the homograft (11.2 + 5 min) and returned toward 
its preoperative value at 2 hr in stage IH (8.8 + 3.0 
min). The changes in R + k were similar to those in 
R. The whole blood clot lysis index decreased pro- 
gressively from the beginning of surgery, and the 
lowest value was observed in the middle of the an- 
hepatic stage. It improved after reperfusion of the 
homograft and returned toward the preoperative value 
at 2 hr in stage III. Intraoperative change of whole 
blood clot lysis activity in all patients is shown in Table 
3. Blood from three patients lysed within 2 hr at in- 
duction of anesthesia; whole blood clot lysis was seen 
most frequently from the middle of stage II to 30 min 
into stage III. No patient's blood lysed within 2 hr at 
the conclusion of surgery. 


Correlation of Thrombelastographic Variables and 
Coagulation Profile 


To determine the correlation between the conven- 
tional coagulation profile and the TEG variables, pre- 
operative values were compared by linear regression 
analysis. In general, correlation between the variables 
of TEG and those of the coagulation profile was poor. 
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Table 1. Preoperative Coagulation Profile of Liver Transplantation Patients 
a a ee 





Primary biliary Postnecrotic Sclerosin g Miscellaneous 


cirrhosis 


Variables 


Normal range Neoplasm 









cirrhosis 





cholangitis Disease Retransplant All patients 







Number of patients J 13 11 6 2 15 63 

PT (sec) 10.8-13.0 13.3 + 4.0 3921.7 157414 133436 1892454 13.2415 14.8 + 3.7 
aPTT (sec) 26-34 34.1 + 6.3 41.0 + 8.7 40.2 +41 424+ 10.1 46.7 +10.6 41.7 + 142 41.5 + 13.9 
Platelets (1000/mm’*) 150-450 245 + 151 13t =.199 162 + 178 86 + 19 82 + 64 116 + 115 147 + 144 
Fibrinogen (mg %) 150-450 323 + 166 382 + Ilé 247 + 134 238 + 44 167 + 86 301 + 149 292 + 138 
Factor V (U/ml) 0.5-1.5 0.82 + 0.41 0.54 + 0.27 0.35 + 0.12 0.47 + 0.20 0.28 + 0.23 0.66 + 0.29 0.53 + 0.32 
Factor VH (U/ml) 0.5-1.5 0.56 + 0.25 0.83 + 0.35 0.35 + 0.25 0.71 + 0.49 0.28 + 0.24 0.53 + 0.26 0.57 + 0.39 
Factor VIH (U/ml) 0.5-1.5 1.42 + 0.33 2.03 + 0.73 1.82 + 0.93 2.53 + 1.30 2.30 + 0.70 1.92 + 1.35 2.00 + 0.90 
ELT (min) >300 218 + 48 Z215 77 163 + 87 218 + 67 132 + 68 247 + 86 202 + 81 


Sixty-three patients, values are mean + spb. 





Meeme neeaae r 


Table 2. Intraoperative Changes in Coagulation of Patients with Primary Biliary Cirrhosis 


tremenan aa, 


Stage | Stage H 








eee 
Stage HI 
ieee 


Before operation 120 min 5 min 30 min 5 min 30 min 120 min End 
PT (sec) OTEL? 137 ż EO 40+ 13 B8212 154+ 1.6 15.7 +158 15.0 + 14 14.6 + 1.4 
aPTT (sec) 41.0 + 8.7 40.2 + 7.7 46.0 + 12.9 51.2 + 16.0 75.2 + 39.2" 61.5 + 23.6 46.0 + 97 38.4 + 3.8 
Platelets (1000/mm*) 181 + 199 150 + 122 149 + 120 154 +122 124 +63 132 + 6l 134 + 82 143 + 74 
Fibrinogen (mg %) 323 + 166 288 + 100 252 + 113 235 + 88 194 + 93" 195 + 101" 191 + 9 210 + 92 
Factor V (U/ml) 0.54 + 0.27 0.43 + 0.22 0.35 + 0.19 0.38 + 0.19 0.26 + 0.18" 0.22 + 0.13" 0.21 + 0.11" 0.23 + 0.13 
Factor VH (U/ml) 0.83 + 0.35 0.71 + 0.37 0.62 + 0.31 0.65 + 0.27 0.52 + 0.23 Q.52 + 0,18" 0.53 + 0.18 0.51 + 0.17 
Factor VII (U/ml) 2.03 + 0.73 1.81 + 0.86 1.51 + 0.88 1.49 + 0.75 1.11 + 0.70° 0.82 + 0.537 0.87 + 0.44" 0.93 + 0.354 
ELT (min) 215 277 134 + 93 140 + 88 101 + 77 63° = 53" 108 + 45 155 + 63 185 + 70 
R (min) 8.5 + 2.4 82436 66234 75423 92450 97427 8.8 + 3.0 8.0 + 2.9 
R + k (min) 12.0 + 2.7 WO+t63 95425 11.0422 235 + 16.4 15.0 + 61 25245 10.0 + 2.6 
a (°) 20. ERD 53.8 + 12.2 53.6 + 10.4 53.1 + 7.4 39.1 + 17.5" 48.6 + 105 50.6 + 12.0 55.1 + 8.0 
MA (mm) 54.6 + 11.2 573494 523+ 111.051.3494 38.2 + 145" 517 4 8.9 51.5 + 11.9 52.1 + 10.8 
Ag/MA100 (%) 83.0 + 7.8 76.4 + 14.5 73.9 + 27.0 65.5 + 35.5 75.8 + 34.4 79.8 + 293 922 86 917 6.78 


Eleven patients; values are mean + sp. "Significantly different from the corresponding preoperative value {P < 0.05). 


However, the reaction time correlated best with aPTT 
(r = 0.49, P < 0.001). MA correlated better with plate- 
let count (r = 0.59, P< 0.001) and fibrinogen level 
(r = 0.64, P < 0.001). The whole blood clot lysis time 
(F) did correlate with ELT (r = 0.54, P< 0.05). There 
were 45 occasions when patients received platelets 
alone. The mean increase in platelet count was 40,200 
+ 31,400/mm*° after infusion of 10 units of platelets; 
it correlated best with the MA value, which increased 
13.2 mm. When 6 units of cryoprecipitate were given 
alone, factor I increased by 37 mg% and factor VIII 
by 13 U/ml, while aPTT decreased by 5.7 sec. The 
corresponding changes in TEG variables were a de- 
crease in reaction time by 1.2 min and an increase in 
clot formation rate by 9.4°. 


Comparison of Thrombelastograph-Monitored and 
Nonmonitored Groups 


The blood volume infused to patients in our series 
was compared with that required by a group of pa- 


tients who received liver transplants between March 
1981 and January 1983, and who were not monitored 
by TEG. Five patients in the monitored group who 
received more than 100 units of RBC transfusion were 
excluded from the analysis. Seventeen patients in the 
nonmonitored group were excluded from the com- 
parison—five patients who required more than 100 
units of RBC and 12 patients who underwent 
veno-venous bypass with systemic heparinization, 
some of whom developed uncontrollable bleeding. 
The preoperative diagnoses of patients in the two 
groups were not different (P > 0.5). The volume of 
blood given to patients in the two groups is shown 
in Table 4. Patients in the TEG-monitored group re- 
ceived 17 + 12.9 units of RBC, whereas patients in 
the nonmonitored group required 26.7 + 23.8 units 
of RBC (P < 0.05). A significant reduction in FFP 
infusion (18.3 + 12.5 vs 26.7 + 24.1 units) and a 
decrease in total fluids infused (20.2 + 11.2 vs 
31.4 + 19.2 L) were noted in patients of the TEG- 
monitored group. On the other hand, significantly 
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Table 3. Intraoperative Changes in Number of Patients with Fibrinolytic Activity 
Stage | Stage H Stage HI 
Before operation 30 min 120 min S min 30 min 5 min 30 min 120 min End 

ELT 

>41 hr 48 4] 25 35 29 7 21 37 43 

«t hr 4 10 15 j4 20 2 ] | 
FDP 

Negative 36 37 36 37 3 3 30) 27 3] 

Positive 15 16 16 7 21 20 22 26 22 
F 

2 hr 55 53 5] 2 49 49 46 55 58 

<2 hr 3 5 7 6 10 10 12 3 0 


puter arrere a am A aa anaana anaana ieit anaana mea: 


more platelets (20.8 + 12.8 vs 14.1 + 13.7 units) and 
cryoprecipitate (17.2 + 8.5 vs 10.2 + 4.5 units) were 
infused to the TEG-monitored patients. The number 
of donors from whom each patient received blood was 
similar between the two groups (67.9 + 43.9 vs 71.4 
+ 63.4). 


ob At 


Discussion 


As might be expected of patients with end-stage liver 
disease, preoperative coagulation profiles of many 
subjects studied showed prolonged PT and aPTT and 
decreased levels of factors produced by the liver. Co- 
agulopathy was worse preoperatively in patients with 
miscellaneous types of liver disease and with post- 
necrotic cirrhosis because these patients have more 
parenchymal hepatocellular damage, which disrupts 
the synthesis of the blood coagulation factors. Other 
patients, such as those with neoplasms, may have 
close to normal hepatic function. Supranormal levels 
of fibrinogen and factor VIII activity were observed 
in many of our patients. A similar high level of factor 
VIII was found previously (14) and may result from 
increased production related to a stress response, re- 
lease from damaged liver cells, or impaired catabolism 
of factor VIH (15). Preoperative fibrinogen level was 
lower than normal in only 20% of the patients. How- 
ever, moderate prolongation of both TT and reptilase 
time was common and suggests a possible dysfibrino- 
genemia. Abnormal fibrin polymerization is known 
to occur in liver disease (16) and is reported to be 
related to an excessive sialic acid content in the fi- 
brinogen molecule (17,18). The clinical significance of 
the acquired dysfibrinogenemia in patients with liver 
disease and its role in patients undergoing liver trans- 
plantation requires further investigation. 
Throughout the surgical ieee a fluid com- 
posed of RBC, FFP, and Plasma-lyte A in a ratio of 
300: 200:250 ml was used for volume replacement. 
RBC was mixed with FFP to supplement coagulation 





factors. Plasma-lyte A was added to decrease the loss 
of RBC and possibly to improve the circulatory rheol- 
ogy. Plasma-lyte A was chosen because it does not 
contain calcium, which can initiate clotting in the rapid 
infusion system; it does not contain glucose, which 
may cause hyperglycemia during massive blood 
transfusion; and it is isoosmolar. The blood mixture 
had levels of hematocrit, 27 + 2; hemoglobin, 9 + 
1.2 mg%; factor |, 130 mg%; factor H, 0.59 U/ml; factor 
V, 0.21 U/ml; factor VIL 0.58 U/ml; and factor VHI, 
0.57 U/ml. Once blood volume was replaced by this 
mixture, platelets, fibrinogen, and factor VHI were 
replenished with transfusion of platelets or cryopre- 
cipitate, guided by TEG monitoring. A coagulation 
factors-rich blood mixture was transfused, and the 
plasma levels of coagulation factors reached the levels 
in the transfused blood mixture rapidly as surgery 
progressed. The change is more likely due to a di- 
lutional effect associated with surgical bleeding. As 
long as blood was simply entering the patient by 
transfusion and leaving by exsanguination, the di- 
lutional effects should not bring the coagulation fac- 
tors below those in the infused blood mixture. If fi- 
brinolysis or intravascular coagulation occurred, 
differential falls in certain factors might be seen. 

No attempt was made to correct coagulopathy dur- 
ing unheparinized veno-venous bypass in the an- 
hepatic stage, in order to minimize possible throm- 
bosis or embolization. Only RBC and FFP were infused 
to replace the blood volume. The increase in fibri- 
nolytic activity was the most significant change in the 
coagulation pattern during the anhepatic stage. This 
relative lack of change in coagulation profile mea- 
surements may be due to the relatively short duration 
of the second stage (89 + 21 min; compared with 221 

80 min, stage I; and 343 + 123 min, stage III) 
or to the use of veno—venous bypass (19). It appears 
that the veno—venous bypass system, which used a 
heparin-coated Gott Aneurysm Shunt (Sherwood 
Medical, St. Louis, MO), did not interfere with the 
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Table 4. Comparison of Transfused Blood Volume 
between Thrombelastograph-Monitored Patients and 
Nonmonitored Patients 
sa a a 














TEG-monitored Nonmonitored 

patients patients 

Blood products (n = 58) (n = 47) 
Red blood cells (unit) 17 tee A 26.7 + 23.8 
Fresh frozen plasma (unit) 13:3: 125" 26.7 + 24.1 
Platelets (unit) 20.8 + 12.8 14.1 + 13.7 
Cryoprecipitate (unit) 2.2 + 14,2" a9 129 
Total blood products (unit) 67.9 + 43.9 71.4 + 63.4 
Crystalloid (litre) 10.2 2:4." 17.2 28:5 
Total volume infused (litre) 202 de i EG 31.4 + 19.2 





Se Na te NET 
Values are mean + sp. “Significantly different from the corresponding 
values af the nonmanitored patients (P << 0.05). 





coagulation system, by thrombosis or by coagulopa- 
thy, and may even have played a beneficial role. By 
decompressing the portal venous system and main- 
taining venous return from the lower extremities, it 
could have decreased venous pressure to decrease 
bleeding and reduced the congestive ischemia of the 
viscera, which in turn might have minimized the met- 
abolic acidosis that could have adversely affected the 
blood coagulation system. 

Reperfusion of the homograft was associated with 
significant coagulopathy, which was clearly demon- 
strated by the TEG measurements: prolonged R, pro- 
longed R + k, decreased MA, decreased a, and de- 
creased F (which was shortened to 92 min, reflecting 
the decreased function of coagulation factors, includ- 
ing fibrinogen and platelets, and active whole blood 
lysis). These findings, in agreement with reports by 
Groth (6) and by von Kaulla et al. (4), might have 
resulted from pathophysiologic changes that occur 
on reperfusion of the graft liver. First, there is an 
exaggerated dilutional effect. The influx of the organ 
preservation solution from the donor liver may con- 
tribute further to the dilution of coagulation factors. 
Second, an active fibrinolytic process is evident in 
many patients. This could be due to release of tissue 
plasminogen activator from vascular endothelium (20) 
or to activation of protein C (21). Third, other inves- 
tigators stressed disseminated intravascular coagu- 
lation (DIC) as a major cause of the change (2,5), but 
there is little evidence of DIC in this study. Groth et 
al. suggested that loss of hepatic clearance function 
played a role in fibrinolytic activation or that anti- 
gen-antibody reaction might lead to DIC (2). How- 
ever, the lack of high levels of circulating fibrin mono- 
mers and FDP found in this study does not support 
a major role for DIC as a cause of excessive bleeding. 
In addition, an attempt to identify microthrombi in 
major organs of a canine liver transplant recipient 
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after clinical evidence of intravascular coagulation was 
not successful (22). No clinical sign of ischemic injury 
caused by microthrombi in major vital organs was 
seen in our patients. Fourth, the possibility of trap- 
ping of coagulation factors and platelets, especially 
by the poorly preserved donor liver, can be consid- 
ered. However, the mean increase in platelet count 
after platelet infusion during the early part of the third 
stage of surgery was not different from that in the 
first stage. Fifth, as postulated by stremple et al., 
levels of heparin or a heparin-like substance may be 
increased (23). However, of 13 patients who received 
the TT and reptilase time test, TT was prolonged sig- 
nificantly in only two patients, indicating that heparin 
or a heparin-like substance plays a rather minor role 
in coagulopathy. Finally, the effects of other humoral 
and metabolic factors should be emphasized. Meta- 
bolic acidosis, decrease in cardiovascular perform- 
ance, decreased plasma ionized calcium level, de- 
crease in body temperature, and hyperkalemia were 
observed during reperfusion in most patients; and all 
of these could adversely affect the coagulation system. 
The blood coagulability measured by TEG improved 
without significant changes in levels of coagulation 
factors 30 min after reperfusion in a significant num- 
ber of patients. That is not sufficient time to expect 
the functional recovery of the donor liver, although 
it coincided with the recovery of the above physiologic 
variables. Thus metabolic and humoral changes that 
occur with the reperfusion of the homograft may in- 
tertere with the hemostatic process more than has 
been recognized. 

All coagulation profile and TEG variables started 
to improve 30 min after reperfusion of the liver and, 
with the exception of factor V and factor VIII, all the 
factor levels and ELT returned toward the baseline 
value within 2 hr after reperfusion. This agrees with 
the findings of Groth (6), and it appears that recovery 
of the coagulation system coincides with bile pro- 
duction and the metabolism of citrate (Marquez JM, 
unpublished data, 1984). 

In this series of patients, blood replacement ther- 
apy was guided by TEG monitoring. TEG, developed 
in the 1950s, has been used mostly for research pur- 
poses and is a simple, reliable, and sensitive method. 
A general assessment of blood coagulation status can 
be obtained within 30 min (8,24), and the coagulation 
process is assessed continuously and rapidly in the 
operating room. TEG measures the coagulation pro- 
cess in whole blood, rather than testing blood co- 
agulability in anticoagulated plasma, as is commonly 
done to obtain the conventional analytic coagulation 
profile. The interpretation of TEG and its relation to 
the conventional coagulation profile has been estab- 
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lished by several researchers (25,26). The reaction time 
(R) is closely related to aPTT. The maximum ampli- 
tude (MA) is a reflection of platelet function and ac- 
tivity of factor XIII. The rate of clot formation (a) pri- 
marily reflects the function of fibrinogen, and it 
increases with improved platelet function. The whole 
blood clot lysis time (F) is reported to be closely related 
to ELT. To express the activity of whole blood clot 
lysis, the ratio Asa: MA was used. 

In general, the correlation between the TEG vari- 
ables and coagulation profile measurements in the 
patients studied is similar to results published by oth- 
ers, although it was not high in these patients, prob- 
ably because of both the large standard deviations in 
the individual data and other physiologic changes. 
Since replacement of blood products was guided by 
the TEG monitoring, as described in Methods, there 
were fewer significant changes in R, R+k, MA, and 
a values during the first stage, although there were 
decreases in coagulation factors and platelets. This 
discrepancy may indicate that blood coagulability was 
maintained in spite of low but higher than critical 
levels of coagulation factors. 

The effectiveness of the TEG-guided replacement 
therapy is shown ina representative TEG pattern (Fig. 
4). Poor preoperative coagulation status was im- 
proved by selective transfusion of FFP, platelets, and 
cryoprecipitate; and blood coagulability was normal 
at the end of surgery after transfusion of 46 units of 
RBC, 48 units of FFP, 20 units of platelets, and 12 
units of cryoprecipitate. The clinical significance of 
TEG-guided replacement therapy is demonstrated in 
the volumes patients received during the surgical pro- 
cedure. Treatment of patients in the control group, 
who received liver transplants from 1981 to 1982, was 
guided by clinical impression and the results of PT, 
aPTT, and platelet count. Since TEG monitoring be- 
gan, the required volume of fluid infusion has de- 
creased by 33%. Defects in the coagulation system 
were treated with platelets or cryoprecipitate when 
needed. All but two patients in the TEG-monitored 
group received veno-venous bypass, and the im- 
proved surgical technique could have contributed to 
the reduction in blood loss. However, because of the 
magnitude of the intraoperative bleeding, a con- 
trolled, randomized study could not be justified. Fur- 
thermore, it is not unreasonable to speculate that pa- 
tients in the TEG-monitored group had better blood 
coagulability because TEG patterns were normal to- 
ward the end of surgery. The total number of blood 
donors to which patients were exposed remained sim- 
ilar, even though patients in the TEG-monitored group 
received more platelets and cryoprecipitate; therefore 
exposure to hepatitis or acquired immune deficiency 
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Figure 4. Thrombelastographic pattern of one patient. Reaction 
time, maximum amplitude, and clot formation rate improved after 
sequential transfusion of FFP, platelets, and cryoprecipitate. Rapid 
whole blood clot lysis was demonstrated during the second stage 
and the early part of the third stage of surgery. Transfusion of 
platelets and cryoprecipitate normalized the TEG pattern at the end 
of the operation. This patient was transfused 46 units of RBC, 48 
units of FFP, 20 units of platelets, and 12 units of cryoprecipitate. 


syndrome was not increased in patients of the TEG- 
monitored group. 
In this series of 66 patients, very severe coagulo- 


often was associated with blood transfusions in excess 
of 50 L. Normalizing the levels of platelets and co- 
agulation factors may not always be possible. How- 
ever, maintaining the blood coagulability is critically 
important for these patients who have marginal or no 
liver function. This study showed intraoperative 
changes in coagulation and the clinical effectiveness 
of TEG monitoring and TEG-guided replacement 
therapy. Further investigation is required for a better 
understanding of the clinical use of TEG and anitifi- 
brinolytic therapy to reduce morbidity and mortality 
in patients undergoing liver transplantation. 
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Comparison of Morphine, Meperidine, Fentanyl, and Sufentanil in 


Balanced Anesthesia: 
A Double-Blind Study 


Joan W. Flacke, MD, Byron C. Bloor, PhD, Benjamin J. Kripke, MD, Werner E. Flacke, MD, 
Christine M. Warneck, MD, Aaron P. Van Etten, Ms, David H. Wong, MD, and 


Ronald L. Katz, MD 


FLACKE JW, BLOOR BC, KRIPKE BJ, FLACKE WE, 
WARNECK CM, VAN ETTEN AP, WONG DH, 

KATZ RL. Comparison of morphine, meperidine, 
fentanyl, and sufentanil in balanced anesthesia: a double- 
blind study. Anesth Analg 1985;64:897~910. 


A double-blind study comparing four narcotic analgesics of 
different potencies, meperidine, morphine, fentanyl, and 
sufentanil, was performed on consenting patients undergo- 
ing general or orthopedic surgery under balanced anesthesia. 
Blood pressure, measured through an indwelling arterial 
catheter, was recorded continuously, as were ECG and heart 
rates. The narcotics, made up in equipotent concentrations, 
were given as indicated by hemodynamic and clinical signs. 
Arterial blood samples were taken before and after induction, 
after intubation, before and after incision, at intervals dur- 
ing the operation, and postoperatively. Hemodynamic val- 
ues and plasma levels of catecholamines during and after 
induction, intubation, incision, and throughout the oper- 
ation were least in patients gtven sufentanil and greatest 
in those who received morphine or meperidine. Heart rates 
increased significantly after induction with meperidine and 
were significantly higher after intubation in morphine-treated 
and meperidine-treated patients than they were in patients 


Opioid analgesics do not share the direct cardiovas- 
cular depressant effects of volatile inhalational agents 
(1). Therefore they are widely used, not only as the 
main anesthetic agents during cardiac surgery, but 
also in smaller doses during balanced anesthesia for 
general surgical procedures. Morphine and its deriv- 
atives, as well as meperidine, have been utilized suc- 
cessfully for this purpose, as has the more potent 
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recetving sufentanil. Intraoperatively, mean arterial blood 
pressure, rate~pressure product, and plasma norepineph- 
rine levels were lowest in patients receiving sufentanil. In- 
traoperative plasma epinephrine levels were lowest in pa- 
tients recerving sufentanil and meperidine. Because of 
increases in blood pressure, heart rate, or both to greater 
than 15% above control values, supplementation with a 
potent inhalational agent was necessary in 38%, 30%, and 
29% of the patients given meperidine, morphine, and fen- 
tanyl, respecttoely. No sufentanii patient required supple- 
mentation. Side effects, including histamine release accom- 
panied by tachycardia and hypotension, were most frequent 
and most severe in patients who recetved meperidine. After 
extubation, marked increases in heart rate, blood pressure, 
and plasma norepinephrine and epinephrine occurred in some 
patients in each group. The incidence of postoperative res- 
piratory depression was greatest in patients gtven morphine 
(mean dose of naloxone 8.6 ugikg) and least with sufentanil 
(mean dose of naloxone 1.8 ug/kg) and fentanyl (3.2 g/kg 
naloxone). 


Key Words: ANESTHESIA, INTRAVENOUS—narcot- 
ics. ANALGESICS—morphine, meperidine, fen- 
tanyl, sufentanil. 


agent, fentanyl. Recently, sufentanil, a new opioid 
5-10 times more potent than fentanyl] (2,3), with the 
same or a slightly shorter duration of action (4,5), has 
been investigated clinically. The rationale for the in- 
troduction of these more potent opioids is improved 
selectivity, i.e., fewer molecules are needed to inter- 
act with target opiate receptors in the central nervous 
system. Hence, there is decreased likelihood of non- 
specific, nonnarcotic receptor-mediated side effects. 
Indeed, studies in animals have demonstrated a pos- 
itive relationship between opioid potency and ther- 
apeutic index (6). Moreover, several clinical studies 
(3,4,7,8), in which investigators used very high doses 
of potent narcotic analgesics for cardiac surgery, re- 
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sulted in observations of greater hemodynamic sta- 
bility and less histamine release than with morphine. 
Concomitant respiratory depression from these high 
doses required a period of prolonged postoperative 
ventilation only slightly shorter than that seen with 
morphine. 

The present investigation was designed to compare 
the advantages and disadvantages of the older and 
less potent narcotics, morphine and meperidine, with 
fentanyl and sufentanil as components of balanced 
anesthesia for relatively short, noncardiac operations. 
The purpose was to see whether there are differences 
among these four agents in ability to provide anal- 
gesia and cardiovascular and autonomic stability dur- 
ing surgical stimulation in doses that do not cause 
prolonged respiratory depression. In addition, the re- 
lationship of drug effects to potency was examined, 
as was the occurrence of side effects such as chest 
wall rigidity, histamine release, and postoperative 
nausea and vomiting. To carry out a meaningful, un- 
biased comparison, we designed a study protocol based 
upon double-blind conditions, equivalent doses of 
opioids, rigid and definite guidelines for narcotic 
administration and reversal, and continuous hemo- 
dynamic monitoring. 


Methods 
Study Design 
sixty ASA class 1 and 2 patients between the ages of 
18 and 65, without history of cardiovascular disease, 
drug allergy, or narcotic abuse, and scheduled to 
undergo general or orthopedic surgery, were identi- 
fied on the day before operation. The study, which 
had been approved by the UCLA Human Subjects 
Protection Committee, was explained to them; and 
their written informed consent was obtained. Patients 
were then assigned randomly (computer-generated 
random numbers) to receive one of four agents (su- 
fentanil, fentanyl, morphine, or meperidine) as part 
of their anesthetic management. After 40 patients had 
been studied, morphine was dropped from the pro- 
tocol (see results), and the remaining 20 patients were 
rerandomized to receive one of the other three drugs. 
All patients were premedicated with diazepam, 5-10 
mg, and droperidol, 0.5 mg, given either orally or 
intramuscularly (respectively) on the ward 60 min be- 
fore coming to the operating room, or given intra- 
venously (both drugs) in the preoperative room, ap- 
proximately 25 min before induction. After patients 
arrived in the operating room, intravenous and radial 
artery catheters were placed with local anesthesia, 
ECG electrodes were attached, and baseline mea- 
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surements made. The opiates were supplied in 10-ml 
syringes labeled only “Narcotic. Equivalent in po- 
tency to 33 mg/ml meperidine.” (Meperidine was used 
as the reference drug as it was, at that time, the most 
commonly used narcotic component of balanced 
anesthesia in this institution and hence most likely to 
be familiar to residents and staff.) The syringes con- 
tained one of the following: sufentanil, 10 ug/ml; fen- 
tanyl, 50 ug/ml; morphine, 4 mg/ml; or meperidine, 
33.3 mg/ml. Relative potencies were assigned on the 
basis of literature reports (2,3,6,9). Although anes- 
thesia was carried out by the anesthesia resident as- 
signed to the patient, one of three of the investigators 
was the attending anesthesiologist who supervised 
and was responsible for the conduct of each case. An 
additional investigator was present to make sure that 
the study protocol was followed. None of the anes- 
thesiologists, investigators, or patients knew which 
drug was being given. 


Induction Protocol 


After precurarization with 1 mg of pancuronium in- 
travenously and 3 min of breathing 100% oxygen by 
face mask via a semiclosed circle system, the patient 
received the opiate intravenously in divided doses (of 
1-2 ml), up to a maximum amount of 0.15 ml/kg, 
unless this loading process was limited by cardiovas- 
cular or central nervous system effects such as hy- 
potension or unconsciousness, or by truncal rigidity. 
During administration of the narcotic, the anesthe- 
siologist instructed the patient to breathe, open eyes, 
and follow other commands, in order to assess the 
state of consciousness. Respiration was manually as- 
sisted if necessary. After narcotic administration was 
complete, the patient was given 1-4 mg/kg thiopental 
intravenously, followed by 1 mg/kg succinylcholine, 
and the trachea was intubated. The induction of anes- 
thesia was rated as good, satisfactory, fair, or poor 
by the anesthesiologist involved. 


Maintenance Protocol 


After intubation, anesthesia was maintained with 
60-67% nitrous oxide in oxygen, and ventilation was 
controlled to maintain normal blood—gas tensions. If 
muscle relaxation was required, additional pancuro- 
nium was given as determined by evaluation of neu- 
romuscular block with a peripheral nerve stimulator. 
When signs of inadequate anesthesia appeared, such 
as movement, grimacing, sweating, tearing, or when- 
ever the blood pressure or pulse rate increased more 
than 15% above the preanesthetic value, the patient 
was given supplementary doses of narcotic, the doses 
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Table 1. Characteristics of Patient Groups According to Drug Received 





Type of operation 





Major 


Age Weight Duration of ortho 


Drug n (yr) (kg) operation (min) (spine, hip) 
Sufentanil 17 4343 6+4 134 + 19 5 
Fentanyl 17 40+ 4 68 +4 7a = 22 6 
Morphine 102 -O7 3 3 he EG 140 + 20 4 
Meperidine 16 40 +4 71 = 3 214 + 28 3 


Peripheral 


Gynecologic (minor ortho, Estimated blood 
Intraabdominal or urologic plastic, tumor) loss (ml) 
5 2 9 3762.77 
7 0 4 831 + 182 
4 0 2 1108 + 351 
8 2 3 739 + 169 


ng nt a et NINN LENCE CNL RCAC RR TENE A TC A CCC CNL AA ANE CN NL CAN NT 


Mean values + sem. There are no statistically significant intergroup differences in mean age or weight. Types of operation are fairly well distributed. 


Mean operation times were significantly longer with meperidine than with sufentanil (P = 
greater with fentanyl than with sufentanil. The large mean blood loss seen with morphine was not statistically significantly (P = 


other three groups. 


ranging from 0.01-0.05 ml/kg, at the discretion of the 
anesthesiologist. If rapid action with a known drug 
was deemed necessary, 50-100-mg doses of thiopen- 
tal could be given also. If hemodynamic hyperactivity 
or signs of inadequate anesthesia could not be con- 
trolled despite the above described narcotic supple- 
mentation, the patient was considered a narcotic “‘fail- 
out’. In these cases, no further opiate was given, a 
potent inhalation agent (halothane, enflurane, or iso- 
flurane) was added, and no further hemodynamic 
data or plasma catecholamine levels from that patient 
were included in the intraoperative study analysis. 
(However, data from failout patients were included 
in postextubation values and in the assessment of the 
recovery period, see below.) 


Recovery Protocol 


Narcotic supplements were not given within 30 min 
of the estimated completion of the surgery. At the 
end of the operation, residual neuromuscular block 
was reversed with neostigmine (after atropine) until 
tetanic nerve stimulation at 60 Hz showed a sustained 
response. Nitrous oxide was then discontinued, 100% 
oxygen was substituted, and the patient was observed 
for return of consciousness (ability to follow com- 
mands) and for ability to breathe adequately, defined 
as a spontaneous respiratory rate greater than 12 per 
min, an inspiratory force greater than —25 cm H2O, 
and maintenance of an arterial Pco, of less than 50 
torr during undisturbed spontaneous respiration. If 
these criteria were not met, the patient was given 
naloxone in a dose of 1.5 ug/kg intravenously, re- 
peated at intervals of 2-3 min until the above defined 
conditions were achieved. Patients were taken to the 
recovery room and kept there for careful observation 
for at least 3 hr. Those who had received naloxone 
were monitored especially for evidence of recurrent 
respiratory depression. If renarcotization leading to 


0.025) or morphine (P < 0.05). Mean blood loss was significantly 


< 0.05) different from the 


respiratory depression (as defined above) occurred, 
additional naloxone injections (1.5 g/kg each dose) 
were administered. If respiration was insufficient in 
spite of these injections, the patient was ventilated 
artificially until recovery was adequate. After the pa- 
tient had left the recovery room, the anesthesiologist 
gave his or her opinion in writing as to which drug 
had been used. Twenty-four to 48 hr after surgery, 
patients were interviewed by the attending anesthe- 
siologist and asked for their ratings of induction and 
recovery, and at this time the anesthesiologist’s rating 
of recovery was made also. 


Monitors and Measurements 


ECG, intraarterial blood pressure, and heart rate were 
measured and recorded (Hewlett Packard direct writ- 
ing polygraph) from before induction until discharge 
from the recovery room. Rate—pressure products (sys- 
tolic blood pressure times heart rate) were calculated 
as an index of overall cardiovascular activity. Arterial 
blood samples for the determination of plasma nor- 
epinephrine, epinephrine, and histamine were drawn 
before induction (control), after narcotic administra- 
tion, after thiopental, 1-2 min after intubation, before 
and 1-2 min after incision, before and 5 min after 
narcotic supplements, before and after muscle relax- 
ant reversal and naloxone administration, and 1-2 
min after extubation. In addition to cardiovascular 
changes and sympatho-adrenal activity, patients were 
observed for evidence of muscle rigidity during in- 
duction, cutaneous signs of histamine release, and 
postemergence nausea or vomiting. If present, these 
side effects were rated by anesthesiologists and in- 
vestigators as disturbing or nondisturbing, according 
to their severity and frequency of occurrence. Plasma 
catecholamine levels were measured by high- 
performance liquid chromatography (10) and plasma 
histamine by a modified radioenzymatic method (11). 
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Table 2. Preinduction (control) Hemodynamic and Catecholamine Values (mean 
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+ 


SEM) 


Se ic a 


Blood pressure (torr) 





Plasma catecholamines 





Heart rate Rate—pressure em) 

Drug Systolic Diastolic Mean (beats/min) product NE EPI 
Sufentanil 129.2 + 4.2 68.8 + 2.3 88.9 2.2.7 77.4 + 3.5 10066 + 671 130.3 + 16.7 30.2 2 °9.2 
Fentanyl 129.6% 2.2 68.9 + 2.0 S9.222 159 76.8 + 3.4 9916 + 392 185.4 + 18.2 40.6 + 6.0 
Morphine 124.5 + 6.8 70.5 + 4.2 88.5 + 4.6 (our > 27 9863 + 776 163.9 + 34.7 25:1 24.0 
Meperidine 128.8 + 5.6 66.8 + 2.4 pas aac F. 74.5 + 3.1 9739 + 764 38°23. 152 190 2s 8 

Mean values + sem. There are no statistically significant (P < 0.05) intergroup differences. 

Table 3. Induction Drug Doses, Times, and Ratings in the Different Groups 
C7, 1 DI e ~ 
Cree ee fo mAucHgus 
l rated 
who did l 
v good or 
n ei satisfactory 
Calculated receive Timetnin : 
Concen- induction Actual full | By 
tration Relative dose per induction dose induction For narcotic Until Until anesthe- By 

Drug perml potency kg per kg dose administration intubation incision siologists patient 
Sufentanil 10 ug 400 l5 ug 1.28 + 0.06 ug 8 (47%) e ies 9.3 + 0.5 324 +21 100% 100% 
Fentanyl 50 ug 80 7.5 ug 6.97 + 0.36ug 3 (18%) 7.4 + 0.5 10.2 + 0.6 40.2 + 2.7 100% 94% 
Morphine 4 mg l 0.6 mg 0.59 + 0.02mg 0 SG 05 > 2b Iaa 90% 90% 
Meperidine 33.3 mg 0.12 5.0 mg 4.34 + 0.21 mg 8 (50%) Ee E | he 10.2 + 0.6 35.9 + 2.9 56% 100% 

Mean values + SEM. 

In the statistical treatment of demographic, hemo- Results 


dynamic, and laboratory data, we tested intergroup 
differences for significance first by comparing data 
using analysis of variance. When significance was 
demonstrated, individual group differences were 
isolated using a weighted t-test, in which the critical 
probability for significance (P) was calculated as P/g, 
where g was equal to the number of groups (ie, g = 
4 drug groups). For example, to achieve significance 
at the 5% level, P had to be less than 0.05/4 or 0.0125. 
Intragroup differences were examined by analysis of 
variance for repeated measure. Bonferroni's modified 
t-test was used to isolate further the differences when 
analysis of variance for repeated measure showed sig- 
nificance. Linear regression analysis and correlation 
coefficients were calculated between log (base 10) 
catecholamine concentrations and heart rate. Corre- 
lation coefficients (r) with corresponding P < 0.05 
were considered significant. 

side-effect data was scored in the following man- 
ner: no side effect (SE), 0; nondisturbing SE, 1; and 
disturbing SE, 2. For each patient, a single total side- 
effect score was calculated by adding the individual 
scores for each of the seven side effects studied. Dif- 
ferences among drugs were determined by first ap- 
plying the Kruskal-Wallis statistic, followed by 
Mann-Whitney U-test. All values are given as means 
+ SEM. 


Partial findings have been reported previously in ab- 
stract and discussion form (12-14). Seventeen pa- 
tients received sufentanil, 17 received fentanyl, 16 re- 
ceived meperidine, and 10 received morphine. Mean 
ages, weights, operations, times, and blood loss for 
the four groups are shown in Table 1. Control hemo- 
dynamic and catecholamine values are seen in Table 
2. Except as noted, there were no significant inter- 
group differences. 


Induction of Anesthesia 


Calculated and actual induction drug doses, induction 
times, and ratings are shown in Table 3. All patients 
in the morphine group and all but three of the fen- 
tanyl-treated patients received the entire calculated 
induction dose of narcotic. However, 47% of the su- 
fentanil-treated patients became unresponsive with 
less than the calculated 1.5 ug/kg of the drug; hence 
the entire loading dose was not given. Fifty percent 
of the meperidine-treated patients also did not receive 
the planned induction dose (Table 3). In four of these 
(25% of the group), the cause was hypotension and 
in one patient inability to ventilate (possible causes 
are laryngeal spasm or chest wall rigidity). Five (31%) 
meperidine-treated patients developed tachycardia, 
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(fop) and mean arterial blood pressure 70 
(bottom) before induction (Control), after 
narcotic administration (Post Narcot), im- 
mediately after thiopental but before suc- 60 


cinylcholine (Post-TP), 1-2 min after in- 
tubation (Post-Intub), before and 1-2 min 
after incision (Pre- and Post-Incis), intra- 
operatively (Intra-Oper), during the last 
15 min before muscle relaxant reversal (Last 
15 min), and 1—2 minutes after extubation 
(Post-Extub). The intraoperative point is 
a minute-to-minute average of hemody- 
namic values for the first 75 min after in- 
cision for all patients before failout (see 
text). The average values for the last 15 
min include only those patients who have 
not failed out. Post extubation points again 
include all patients. Symbols denote dif- 
ferences among groups. Significant intra- 
group changes from control or caused by 
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accompanied in three cases by marked flushing. These 
five patients later were found to have abnormally el- 
evated plasma histamines (above 1 ng/ml) after the 
induction dose of meperidine. Similar clinical signs 
and an elevated plasma level of histamine also oc- 
curred in one patient receiving morphine but were 
present in none of the patients receiving fentanyl or 
sufentanil. 

Means of the mean arterial blood pressure (Fig. 1) 
were unchanged from the control after narcotic 
administration but then decreased transiently but sig- 
nificantly (P < 0.05) in all groups after the addition 
of thiopental (mean dose 2.08 + 0.13 mg/kg in all; no 
intergroup differences). Blood pressure rose with in- 
tubation in all groups. However, mean pressures after 
intubation were significantly greater than the control 


Post-TP 
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only in the morphine group (P < 0.02). Mean heart 
rate (Fig. 1) decreased to 68 + 3 beats/min after fen- 
tanyl induction (P < 0.001 compared to control). In 
contrast, heart rate increased by 23% to 92 + 6 
beats/min (P < 0.01) after meperidine, and continued 
to increase further in this group after thiopental and 
intubation. This tachycardia in the meperidine-treated 
patients was accompanied by a significant elevation 
of plasma levels of norepinephrine (Fig. 2) and epi- 
nephrine (Fig. 3) to 194 + 21% and 678 + 164% of 
the control, respectively. Otherwise, plasma levels of 
both catecholamines remained low in all groups 
throughout induction and the period prior to incision. 
After intubation, rate~pressure products (Fig. 4) in- 
creased significantly above the control values only in 
the patients receiving meperidine (P < 0.01) and mor- 
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% Value signif. dif.(p<0.05) from all 3 others 
Ø Signif. dif. from sufent. 

t Signif. dif. from fent. 

+ Signif. dif. from morph. 

* Slignif. dif. from meper. 
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Figure 2. Mean + SEM arterial plasma 
norepinephrine levels. Intervals as in Fig- 
ure 1. In this figure, the intraoperative and 
last 15 min values were determined by 
averaging all norepinephrine levels taken 
from a patient (during the first 75 min pos- 
tincision or the last 15 min, respectively) 
and then determining the group mean from 
these average values. Symbols are as in 


Figure 1. 


Figure 3. Mean + SEM arterial plasma ep- 
inephrine levels. Intervals, symbols, and 
averaging as in Figure 2. 
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phine (P < 0.001). Intergroup comparisons are shown 
in the figures. 

During the period before incision, blood pressures 
and heart rates (Fig. 1) declined in all groups, so that 
the mean values for rate~pressure products before the 
incision returned to control levels in the fentanyl, me- 
peridine, and morphine groups. They remained sig- 
nificantly below control in the sufentanil patients (Fig. 
4). Skin incision caused significant increases in blood 
pressure (not in heart rate) in all groups (Fig. 1), but 
rate-pressure products after incision (Fig. 4) were not 
significantly different from control values in any group. 
Mean levels of plasma epinephrine (Fig. 3) and nor- 
epinephrine (Fig. 2) did not increase significantly with 
skin incision in any group. 


Maintenance of Anesthesia 


Total doses of opioids given and the timing of the 
supplements are seen in Table 4. The mean total dose 
of thiopental in all 60 patients was 3.4 + 0.28 mg/kg, 
including the induction dose (no intergroup differ- 
ences); the mean concentration of nitrous oxide was 
62.5 + 0.67% (no differences); and 54 of the 60 pa- 
tients received pancuronium (mean dose of 5.3 + 0.3 


Post-Narcot 
Post-TP 


Post- intub 
Pre- incis 
Post-incis 
intra-Oper 
Lasti5 min 
Post- Extub 


mg; no differences among groups). In several patients 
receiving meperidine, morphine, and fentanyl, heart 
rate, blood pressure, or both could not be kept within 
15% of the control value by additional doses of nar- 
cotic; hence, a potent inhalation agent was added (Ta- 
ble 4), no more narcotic was given, and no more 
hemodynamic data or catecholamine samples taken 
until the recovery period. There were no failouts in 
the sufentanil-treated group. 

The mean percent changes in cardiovascular and 
catecholamine values brought about by supplemen- 
tary doses of the opioids are shown in Figure 5. Over- 
all, the most consistent responses, in frequency as 
well as magnitude, were seen after sufentanil with 
mean arterial pressure declining after 40 of 54 sup- 
plements (72%), heart rate decreasing after supple- 
ments 57% of the time, and rate-pressure product 
decreasing after 72%. In the groups receiving mor- 
phine, meperidine, and fentanyl, drug supplements 
decreased rate~pressure products only 51%, 50%, and 
62% of the time, respectively. Plasma catecholamine 
levels 5 min after additional doses of opioid were quite 
variable (shown by large standard errors in Fig. 5) 
without significant intergroup differences. 

Cardiovascular function intraoperatively also was 
assessed by averaging blood pressures, heart rates, 
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and rate~pressure products for each patient every 
minute for the first 75 min after incision (Figs. 1,4). 
Intraoperative assessment was not evaluated for a 
longer period than this because of increasing differ- 
ences in surgical manipulation, rate of blood loss, and 
number of patients who failed out. All catecholamine 
samples drawn during this 75-min period were av- 
eraged for each patient, and the means for each drug 
group were plotted and compared (Figs. 2,3). During 
this intraoperative period, heart rate was significantly 
greater in patients given morphine than in those in 
the other three groups (Fig. 1), among which there 
were no differences. Blood pressure was consistently 
and significantly lower in patients given sufentanil 
than in those given the other drugs, as was 
rate—pressure product (Figs. 1,4). Blood pressure and 
rate—pressure product were significantly greater in 
patients given morphine than in patients in the other 
three groups (Fig. 4). By the last 15 min of the op- 
eration, at a time when the patients who were more 
difficult to control had failed out in the fentanyl, me- 
peridine, and morphine groups (approximately 30% 
in each group, see Table 4), all intergroup differences 
among the remaining patients had disappeared. 
Hemodynamic and catecholamine values for all pa- 
tients (including failouts) were increased markedly at 
1-2 min postextubation, so that mean rate-pressure 
products and norepinephrine and epinephrine levels 
were significantly greater than the control in all groups, 
without significant intergroup differences (Figs. 1-4). 

Intraoperative plasma norepinephrine levels (Fig. 
2) were lower in sufentanil-treated patients than in 
those receiving morphine or fentanyl but not lower 
than the levels in those receiving meperidine. Epi- 
nephgine levels (Fig. 3) also were highest in fentanyl- 
treated and morphine-treated patients. Again, inter- 
group differences were absent during the last 15 min. 

There was a significant correlation between log 
concentrations of norepinephrine and epinephrine vs 
heart rate in all four narcotic groups (Table 5). Sig- 
nificant correlations between plasma catecholamine 
concentrations vs mean arterial pressure were not 
found in all drug groups. 

The incidence and distribution of. cardiovascular 
disturbances and other side effects throughout the 
entire study period are depicted in Table 6, in which 
it is seen that both disturbing and nondisturbing events 
occurred most frequently in the meperidine-treated 
patients and least fréquently in the sufentanil-treated 
patients. Hypotension (in 63%) and tachycardia (in 
56%) occurred most frequently in patients given me- 
peridine but also occurred in patients given sufentanil 
and morphine. Elevations in plasma histamine to ab- 
normal levels (>1 ng/ml) occurred in five (31%) of the 
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Table 4. Maintenance Doses, Times, and R 





Supplements 


Time 
between 
supplements 


Narcotic dose 


Dose-kg~}-hr~! (after induction dose) 


Number who 
received inhal 


Total 
number of Supplements 


‘supplements 


Time to first 


supplement 


Total dose per 


All patients 
‘0.35 + 0.08 ug 
3.83 + 0.61 ug 


-agent 


(min) 


per patient 


(min) 


44.1 + 5.0 
35.7- -+ 3.1 


Non failouts 


Failouts 


kg 
2.4 + 0.4 ug 
15.1 + 1.1 ug 


Drug 
Sufentanil 
Fentanyl 
Morphine 


19.6 + 2.9 
41.8 + 5.6 


` ‘Significantly shorter (P < 0.005) time to first supplement with morphine than with other three drugs, which did not differ from one another. 


Significantly longer time between supplements ‘with meperidine than-with morphine. 


2.73 + 0.39 pe 


0.63 + 0.07 mg 0.19 + 0.05 mg 


net 


6.47 + 1.28 ug 
2.0 + 0.53 mg 0.82 + 0.19 mg 


1.27 + 0.26 mg 


12+ 0.1mg 0.32 + 0.08 mg 


7.9 + 0.5 mg 


Meperidine 
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patients who received meperidine and in one mor- 
phine-treated patient (Table 6). (The amounts and du- 
ration of histamine release are reported elsewhere (13).) 
Nondisturbing rigidity was present in four (25%) pa- 
tients given meperidine and in five (29%) given su- 
fentanil; disturbing rigidity was present in three (18%) 
patients given fentanyl. Disturbing hypertension was 
present in six (35%) fentanyl-treated and four (25%) 
meperidine-treated patients. Recovery room nausea 
and vomiting occurred least in patients given mor- 
phine. When side effects were ranked and scored (see 
the methods section), the overall incidence was sig- 
nificantly greater with meperidine than with sufen- 
tanil (P < 0.01) or fentanyl (P < 0.05). 


Recovery 


Patients awakened promptly after discontinuation of 
nitrous oxide (no intergroup differences) with a mean 
time to return of consciousness (ability to follow com- 
mands) of 6.8 + 1 min in all patients and of 5.5 + 1 
min in all of those who had not received an inhalation 
agent. However, not all patients breathed adequately 
unless prompted. Therefore, two patients in the group 
given morphine and three in the group given me- 
peridine were taken to the recovery room while still 
intubated, and some patients in all groups received 
naloxone (Table 7). This was necessary most fre- 
quently (in 90%) and in the largest doses in patients 
who had received morphine, 30% of whom required 
intramuscular as well as intravenous naloxone. Pa- 
tient number 40, who was, at age 62, the oldest par- 


ticipant in the study, required postoperative venti- 
lation for several hours after attempted reversal with 
multiple injections of naloxone proved unsatisfactory. 
At this time the code was broken for the first 40 pa- 
tients, and when it became apparent that nearly all 
the patients who had received morphine had required 
multiple injections of naloxone, morphine was dropped 
from the study. Thirty-eight percent of the meperi- 
dine-treated patients and 41% of the sufentanil-treated 
patients required naloxone, although the mean dose 
needed in the former case was much larger (see Table 
7), with intramuscular doses also required in some 
instances. The lowest incidence of naloxone use was 
in the group receiving fentanyl; the lowest mean dose 
was in the group receiving sufentanil. 

Table 7 also shows the mean times from the last 
dose of narcotic until the end of the case. This was 
significantly less for the group receiving sufentanil 
than for the other three groups, in all of which some 
patients had received an inhalation agent (and there- 
fore no more narcotic). Narcotics were readministered 
to all groups except that given sufentanil, as shown 
by the number of sets of naloxone injections required. 
(One set of injections of naloxone was 1.5 ug/kg fol- 
lowed in 3 min by another 1.5 wg/kg.) Mean arterial 
Pco, before all doses of naloxone was 55.1 + 1.1 torr 
and did not differ among groups. At the time of dis- 
charge from the recovery room, mean PCO, in all pa- 
tients was 43.6 + 0.6 torr without intergroup differ- 
ences or differences between those who had received 
naloxone and those who had not. 

Opioid medication for pain was given during the 
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Table 5. Regression Analyses for Heart Rate (y) Versus 


od 


Log Plasma Catecholamines (x) (y = mx + b) 











Drug log NE vs HR log EPI #s HR 
Sufentanil 
Slope (m) 212 
intercept (y) 27.0) 
Correlation 0.46 
coefficient (r) 
P <0.001 QEN 
Fentanyl 
Slope {m) 25.0 13.1 
Intercept (y) 15.0 51.0 
Correlation 0.43 O.&) 
coefficient (r) 
P <0.001 <0. 001 
Morphine 
Slope (m) 33.2 8.6 
intercept (y) 6.0 70.0 
Correlation 0.65 0.32 
coefficient (r) 
P <0.001 <0.02 
Meperidine 
Slope (1) 44 16.0) 
Intercept (y) ~ 14,7 a1. 
Correlation 0.48 0.43 
coefficient {r} 
P <0.001 <00 











Correlation between log plasma catecholamine concentrations {in pg/ml} 
and heart rate (beats/min). P values represent the level of significance for 
the correlation shown. 


recovery room period to six sufentanil-treated pa- 
tients (one of whom had received naloxone) at a mean 
time of 154 + 18 min after the last dose of sufentanil. 
Three fentanyl patients (given no naloxone) received 
pain medication 229 + 86 min after the last narzotic 
dose, as did one meperidine patient, 279 min after 
the last dose. Reversal with naloxone caused pain 
severe enough to require prompt medication in two 
of the morphine-treated patients. 

The anesthesiologists rated the emergence and re- 
covery period as good or satisfactory in 100% o° the 
patients given sufentanil, 93% of the patients given 
fentanyl, 88% of the patients given meperidine, but 
in only 60% of those given morphine, because of pro- 
longed respiratory depression. Patients gave them- 
selves good or satisfactory recovery ratings 100% of 
the time except for those in the morphine group, in 
which these ratings were given by only 60%. The 
reason given for this was the presence of a “drugged” 
or very drowsy feeling. Recovery room pain was rarely 
mentioned. There was no awareness or recall of the 
intraoperative period by any patient in any drug greup. 

The anesthesiologists’ estimations as to which in- 
dividual opioid had been given were correct in 32% 
of the cases. They chose the correct group of drugs, 
i.e., less potent, long-acting (meperidine, morptine) 
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Table 6. Side Effects Observed in Different Drug Groups 





Side effect Sufentanil Fentanyl} Morphine Meperidine 





Rigidity 

Disturbing 0 3 0 1 

Nondisturbing à 1 1 4 
Hypotension 

Disturbing 2 l 2 5 

Nondisturbing 2 6 > 5 
Hypertension 

Disturbing | 6 1 4 

Nondisturbing 1 4 2 3 
Bradycardia 

Disturbing 1 0 0 0 

Nondisturbing ] 2 1 i 
Tachycardia 

Disturbing 2 0 3 3 

Nondisturbing I 1 3 6 
Histamine release 

Disturbing 0 0 1 

Nondisturbing 0 0 0 l 


Nausea or 
vomiting in 
recovery room 


Disturbing l 3 l 
Nondisturbing 3 0 0 1 
Maximum R9 119 70 112 

possible’ 





‘Maximum possible side effects for a particular narcotic group is 7 times 
the number of patients receiving that drug. 

The number of patients in whom disturbing (D) and nondisturbing (ND) 
side effects occurred is listed for each side effect. Criteria assessment as 
follows: rigidity, ND if able to ventilate with difficulty, D if not able to 
ventilate at all; nausea, ND; vomiting, D; abnormal plasma histamine (1 
ng/ml) alone, ND, if accompanied by hypotension and tachycardia, D. 
Hemodynamic evaluations were made subjectively by the anesthesiologist 
depending upon their frequency and severity. Two patients receiving su- 
fentanil, one receiving fentanyl, two receiving meperidine, and one receiving 
morphine received one dose each of a vasopressor. One patient receiving 
sufentanil, one receiving meperidine, and one receiving morphine received 
one dose each of atropine. 


vs more potent, and short-acting (sufentanil, fen- 
tanyl), 67% of the time. 


Discussion 

Balanced anesthesia, that is nitrous oxide in oxygen 
supplemented by a narcotic, small doses of a hyp- 
notic, or both, has become a popular form of general 
anesthesia. In our study, it was successful 77% of the 
time, as shown by the fact that only 14 out of 60 
patients required the addition of a potent inhalation 
agent, despite the fact that neither the narcotic used 
nor its concentration was known to the anesthesiol- 
ogist. The purpose of this double-blind study was to 
compare, by means of a rigid protocol, the abilities of 
four narcotics of differing strengths and pharmaco- 
kinetic properties to provide hemodynamic and auto- 
nomic stability during balanced anesthesia. We based 
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Table 7. Naloxone Requirements 


Time from last dose 
narcotic until N-O off 


(min) 
If no To recovery 
inhalation room 
Drug H In all agent intubated Ventilated 
sufentanil 17 45 + 4.8 (same) ü 0 
Fentanyl 17 94 + 19.1 60 + 8.6 0 Q 
Morphine 10 79+ 109 63 + 7.2 2 ] 
Meperidine 16 94 + 17.8 56 + 8.6 3 0 
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No. of patients 
P No. of sets of 


receiving l Dose naloxone AE 

E Inhalation (ug/kg) injections 

agent and z (No. of 

IV IM naloxone IV IM patients} 
7 (41%) 0 Q 1.8 + 0.3 0 1 injection in 

all 

3 (18%) 0 0 i Ana 0 I (1 patient) 
2 (1 patient) 

3 (1 patient) 
9 (90%) 3 (30%) 3 3.5 + 1.2 5.1 + 0.8 1 (4 patients) 
2 (1 patient) 

4 (1 patient) 
5 (2 patients) 

7 (1 patient) 
6 (38%) 1 (6%) 2 4.7 + 0.4 2.8 1 (3 patients) 


2 (1 patient) 
3 (1 patient) 
5 (1 patient) 


Tem pr ee a a a a a te ee ee 


Mean values + SEM. 
"Significantly less time than with other three agents (P < 0.02 or less). 


our observations on continuous blood pressure and 
heart rate measurements during operation and by re- 
trospective analysis of arterial plasma catecholamine 
levels. We found that under these special circum- 
stances, the more potent agents with a shorter onset 
of action (sufentanil and fentanyl) were more effective 
than the less potent ones with a longer latency (mor- 
phine and meperidine). Indeed, greater than custom- 
ary clinical loading doses of the latter drugs failed to 
suppress excitatory cardiovascular responses to in- 
tubation and incision. Although insufficient time be- 
tween the administration of these longer-acting drugs 
and intubation may be blamed for their lack of efficacy 
at this time, the more than 30 min that elapsed before 
incision should have allowed ample time for both agents 
to attain their maximal effect. In addition, induction 
with meperidine caused complications, i.e., hypo- 
tension and tachycardia, in half the patients (Fig. 1, 
Table 6). In most of these patients (Table 6), these 
changes were shown to be associated with histamine 
release, an unsurprising phenomenon in view of the 
literature (15). The inability to prevent intraoperative 
hypertension and tachycardia with morphine, me- 
peridine, or fentanyl (Figs. 1,4), which necessitated 
the addition of a potent inhalational agent in approx- 
imately 30% of the patients in these groups (Table 4), 
stands in contrast to the situation in the group of 
patients given sufentanil, in which they demonstrated 
the least hemodynamic (Figs. 1,4) and sympathoad- 
renal (Figs. 2,3) activity intraoperatively. Hence, ad- 
ditional inhalation supplementation was not needed. 


Again, the slower onset of action of morphine, me- 
peridine, and fentanyl (3,4) compared to sufentanil, 
may have been responsible for this. Certainly it did 
seem as if the promptness, as well as the magnitude 
(Fig. 5), of response to sufentanil supplements was 
greater than it was to the other three drugs, thus 
making it possible to control more rapidly the unex- 
pected increases in hemodynamic activity. However, 
at the time of emergence and extubation, all patient 
groups showed comparable signs of cardiovascular 
and adrenergic neuroendocrine stimulation (Figs. 1-4). 

It is important to note that no matter which narcotic 
was used, increased heart rate was accompanied by 
the release of norepinephrine or epinephrine (Table 
5). This would imply that none of the four narcotics 
studied affects the response to catecholamines once 
they have been released. It therefore becomes im- 
portant to know which narcotic best suppresses cate- 
cholamine release during stressful operative periods. 
In this investigation, sufentanil and meperidine re- 
sulted in the lowest intraoperative plasma levels. The 
effect of the catecholamines on heart rate was ap- 
proximately the same in the sufentanil-, fentanyl-, 
and morphine-treated groups. It is of interest that the 
effects of catecholamines were greater (slope of log 
catecholamine level vs heart rate) in the meperidine 
group. The mild vagolytic action of this narcotic (16) 
may have contributed to the tachycardiac effect in 
these patients. 

Although there have been a number of previous 
studies (17-22) comparing narcotic agents in low or 
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moderate doses, few were blind, and none simulta- 


neously compared all four drugs used in this study. 
The only other study in which all four of these nar- 


cotics have been compared in a double-blind manner 


is one by Ghoneim et al. (23), in which our induction 


and maintenance protocol was used. These investi- 
gators did not find differences among agents to be as. 
clear cut, nor did they have the high incidence of 


failout that we had. As their patients’ operation types 
and times, and the total doses of opiates used were 
nearly identical to ours, we can explain the differences 
in results only by the fact that these investigators did 
not measure hemodynamic values continuously, as 
we did, but rather by intermittent sphygmoma- 
nometry, which may have made recognition of tran- 
sient but marked deviations from baseline difficult or 
impossible. In a nonblinded comparison of fentanyl 
and sufentanil during anesthesia for craniotomy in 
which radial arterial pressure was also measured con- 
tinuously, McKay et al. (21) also reported better blood 
pressure control with sufentanil. We found continu- 
ous recording of hemodynamic values a great help in 
determining cardiovascular and autonomic stability 
during periods of surgical stimulation. Ghoneim et 
al. (23) did not find any intergroup differences in plasma 
levels of norepinephrine. This is probably due to the 
fact that they sampled venous (perhaps forearm), in- 
stead of arterial blood and not at precisely stated times. 
Several investigative groups recently have demon- 
strated that catecholamine extraction during passage 
through the vascular bed of different organs (differ- 
ence between arterial and venous concentrations) may 
vary considerably, even in the same organ at different 
times (24-28). This, and the very short halflife (24-28) 
of circulating catecholamines (60-80 sec), makes ve- 
nous sampling a poor choice if one is interested in a 
correlation between adrenergic neurohumoral activity 
and plasma levels. 

As it is well known that patients differ in their 
requirements for and responses to narcotics (and other 
central nervous system drugs), we decided to titrate 
our drugs to effect during the induction rather than 
to give a fixed amount, that is, to let the patient tell 
us what he or she needed. This titration would tend 
to correct any possible errors in our literature-based 
(3,7,9,17-22,29,30), but unavoidably somewhat arbi- 
trary, assignment of potency ratios. In addition, if 
relative overdoses were given, these would last longer, 
and thus supplementary doses would not be called 
for as soon. This seems to be borne out by the fact 
that, although the concentration of our opiate solu- 
tions was chosen based upon an arbitrarily assigned 
potency ratio of fentanyl to morphine (80:1) and of 
sufentanil to fentanyl (5:1), the actual usage under 
blind conditions of these agents, after the induction 
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dose, turned out to be morphine to fentanyl, 84:1, 
but fentanyl to sufentanil, 11:1 (Table 4). In other 
words, the potency of sufentanil to fentanyl during 
maintenance was nearly twice as much as we had 
assumed when we planned our induction doses. Total 
amounts (induction plus maintenance) of these two 
drugs given indicate that seven times more fentanyl 
was required than sufentanil. Remarkably, another 
double-blind comparison of these three agents by Kay 
and Rolly (20), resulted in similar overall use of seven 
times as much fentanyl as sufentanil, in spite of the 
fact that the ratio of their induction loading doses was 
10 times as much fentanyl as sufentanil. This would 
seem to indicate that in two separate studies, differing 
in opposite direction in the relative size of the induc- 
tion doses, the observed ratio of total doses was 7:1 
(fentanyl:sufentanil). 

The relatively greater amount of sufentanil given 
during induction in the present study probably ac- 
counts for the fact that the mean interval before the 
first supplement of this allegedly shorter acting (3-5) 
agent was equally as long as that seen with fentanyl 
or meperidine (Table 4). The shortest interval before 
the first supplement was seen in patients receiving 
the longer-acting drug, morphine. We attribute this 
to the relative ineffectiveness of this agent, even after 
what we felt was a substantial loading dose of 0.6 
mg/kg; however, perhaps we overestimated the po- 
tency of morphine. In the case of meperidine, the 
mean induction dose of 4.3 mg/kg actually given still 
permitted frequent untoward hemodynamic and cate- 
cholamine changes during intubation (see Figs. 1-4). 
Once this potent stimulus was over, however, this 
dose was sufficient to carry the patients more than 
twice as long as the initial morphine dose. In fact, 
dosage intervals between subsequent supplements 
remained the shortest for morphine, perhaps again 
caused by the fact that we never really achieved ef- 
fective control of autonomic, sympathetic activity, and 
hence of cardiovascular parameters, with this drug in 
the doses used, and thus felt obliged to administer 
supplements more frequently and at shorter intervals 
before giving up. In the study by Holmes (18), in 
which he compared morphine, meperidine, and fen- 
tanyl, mean morphine use was at the rate of 324 
ue-kg~'shro', a figure nearly identical to the 320 


but he pave nearly twice as much meperidine on ni basis 
of time. Cardiovascular measurements in Holmes’s 
study (18) showed no intergroup differences, but again 
this may have been due to the intermittent method 
of measurement. 

In spite of prompt return of consciousness, respi- 


NARCOTICS IN BALANCED ANESTHESIA 


ratory depression was still present in many patients 
of all groups. However, it was unquestionably great- 
est in those patients receiving morphine, as shown 
by the frequency and magnitude of naloxone admin- 
istration (Table 7). This was the case whether or not 
the patients had received an inhalation agent. The 
addition of an inhalation agent meant, of course, that 
the interval between the last opiate dose and emer- 
gence was greater (Table 7). Moreover, some mor- 
phine patients themselves were unhappy because of 
their state of drowsiness during recovery. This was 
not so with patients receiving meperidine, who, al- 
though requiring an even larger mean intravenous 
dose of naloxone than patients given morphine, were 
satisfied with their recovery; that is, they were ap- 
parently unaware that they were still depressed. This 
subjective lack of concern with their actual state by 
patients who have received meperidine, seen both 
during induction and during recovery in the present 
investigation, was also reported for the recovery pe- 
riod by Ghoneim et al. (23). For reasons unknown, 
meperidine seems to have certain qualities that make 
it different from the other narcotics in other aspects 
as well (31,32). Patients who had received fentanyl or 
sufentanil were the most alert and had the least res- 
piratory depression (Table 7). Although 41% of the 
patients in the sufentanil-treated group required nar- 
cotic reversal, compared to only 18% of those who 
had received fentanyl, there was no evidence of re- 
narcotization in these seven sufentanil patients (i.e., 
they required only one set of naloxone injections). 
The mean total dose of naloxone was lower than in 
the fentanyl group (Table 7). This and the fact that 
the sufentanil patients required postoperative pain 
medication sooner, fits with the reported shorter elim- 
ination half-life for sufentanil than for fentanyl (5). 
The relatively high incidence of need for reversal after 
sufentanil was due partly to the fact that the mean 
time since administration of the last dose of narcotic 
was only 45 min, significantly shorter than in all other 
drug groups (Table 7). This shorter interval was, of 
course, attributable to the fact that no inhalation agents 
were given to the sufentanil patients. A time differ- 
ential remained even when the inhalation group was 
excluded (Table 7), but it was not statistically signif- 
icant. In comparison with other blind studies, the 
patients in this one required more naloxone than those 
of Holmes (18), but his narcotic doses were consid- 
erably less than ours. The patients studied by Gho- 
neim and et al. (23) received the same doses of opiates 
as did ours, but only six of their 64 required reversal, 
and only one of these patients had received mor- 
phine. Although their criteria for respiratory depres- 
sion and for administering naloxone are not given 
(nor are the doses), we can speculate that the dis- 
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crepancy in the ages of the patients in two studies 
(mean, 27 yr in theirs; 40 yr in ours) may have been 
partly responsible for the considerable disparity. 
stimulation during the recovery period, provided by 
postoperative testing, also may have helped to pre- 
vent respiratory depression in their patients. In con- 
trast, our patients were deliberately observed while 
undisturbed in the recovery room in an effort to sim- 
ulate the probable situation after return to their rooms. 

In summary, we have found clear differences dur- 
ing balanced anesthesia among four opiates of dif- 
ferent potencies and durations of action under careful 
double-blind conditions. Overall, the most satisfac- 
tory conditions during induction of anesthesia, intra- 
operatively, and during recovery were seen with su- 
fentanil. In fact, within the rigid guidelines imposed 
by our study protocol, which we feel were necessary 
for purposes of interdrug comparison, it was possible 
to adequately control blood pressure and heart rate 
intraoperatively only with sufentanil. Meperidine was 
most unsatisfactory as an induction agent because of 
the high incidence of histamine release, hypotension, 
and tachycardia. Morphine was the least satisfactory 
drug in controlling hemodynamics during the oper- 
ation. Intraoperative sympathoadrenal activity was less 
when sufentanil and meperidine were used than when 
the other two drugs were used. Recovery was least 
satisfactory with morphine because of residual res- 
piratory depression. With less strict criteria for control 
of hemodynamics, intergroup differences might have 
been less marked, as in the work of others (18,22,23). 
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Using anesthetized dogs, this study compared treatment 
with lidocaine or bretylium for bupivacaine-induced cardio- 
vascular toxicity. Pentobarbital-anesthetized and -venti- 
lated dogs (n = 10) were given a bolus dose of bupivacaine, 
4 mg/kg, and a constant infusion of 0.2 mgkg Smin ' to 
produce steady-state serum levels of 7.1 + 1.8 
bupivacaine. Using burst ventricular pacing, the ventric- 
ular tachycardia threshold was determined, along with 
hemodynamic and electrophysiologic parameters. The ani- 
mals were then treated with bretylium, 20 mg/kg (n = 5), 
or lidocaine, 2 mg/kg, followed by a continuous infusion of 





ugiml of 


lidocaine, 0.1 mgkg Smin ' (n = 5). Bupivacaine- 
induced alterations in cardiac output, stroke volume, heart 
rate, and systemic vascular resistance were corrected by 
bretylium but not lidocaine. Bupivacaine caused a signifi- 
cant lowering of the ventricular tachycardia threshold, which 
was consistently raised by bretylium, while lidocaine was 
either ineffective or caused a further lowering of the thresh- 
old. Buptvacaine caused a significant increase in the Q-TU 
interval and resulted in an undulating polymorphic ven- 
tricular tachycardia, similar to that seen in Torsades de 
Pointes. 


Key Words: ANESTHETICS, tocat—bupivacaine. 
HEART, = ArRRHYTHMIAS-~bretylium. TOXICITY— 
bupivacaine. 








Potent long-acting local anesthetics, such as bupiva- 
caine and etidocaine, may result in cardiovascular (CV) 
toxicity after accidental intravenous administration 
during an attempt to provide regional anesthesia (1,2). 
The most important aspect of this problem is the pre- 
vention of intravascular injection of these drugs, but 
also a rational treatment of the ventricular arrhyth- 
mias is required. Unfortunately, treatment of ven- 
tricular arrhythmias caused by long-acting potent lo- 
cal anesthetics has not been fully investigated to date. 

Because lidocaine acts at a similar site in the cardiac 
membrane as bupivacaine, it may be ineffective for 
ventricular arrhythmias from potent long-acting an- 
esthetics (3). The potent, antiarrhythmic, antifibril- 
latory agent bretylium may have a beneficial effect on 
the ventricular arrhythmias caused by bupivacaine or 
etidocaine, but this has not been completely investi- 
gated (4). This study compared the hemodynamic and 
electrophysiologic effects of bretylium and lidocaine 
in anesthetized dogs that were experiencing bupiv- 
acaine CV toxicity. 
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Methods 


Ten adult mongrel dogs weighing 18.4 + 2.5 kg were 
anesthetized with intravenous sodium ames 
30 mg/kg, and paralyzed with pancuronium bromide, 
0.15 mg/kg. A cuffed endotracheal tube was inserted, 
and the animals were ventilated with 100% oxygen 
using an AirShields ventilator. Tidal volume, respi- 
ratory rate, and sodium bicarbonate administration 
(0.5 mEq/kg at least 30 min prior to the experimental 
period) were adjusted to provide the following arterial 
blood gas values: pHa 7.35-7.45, Paco, 32-40 mm 
Hg, and Pao, 300-500 mm Hg. Arterial blood gas 
values also were measured after administration of bu- 
pivacaine and administration of the therapeutic agent. 
A left femoral arterial line was placed for arterial 
blood gas analysis, bupivacaine and lidocaine sam- 
pling, and direct recording of the arterial blood pres- 
sure. A five-lead pacing Swan—Ganz catheter (Amer- 
ican Edwards model 93-200-7F) was placed through 
the right external jugular vein into the pulmonary 
artery. The position was adjusted such that the prox- 
imal leads recorded an intraatrial electrogram and the 
distal leads recorded the intraventricular electrogram 
while the ability to “wedge” the pulmonary artery 
was maintained. The position of the catheter was ob- 
served constantly and changed when needed to allow 
for continuous recording of the above parameters. 
Cardiac output was determined using the thermodi- 
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lution technique and a cardiac output computer 
-(American Edwards model 9510A). Each time the car- 
diac output was determined, five values were ob- 
.tained and the results were averaged. The lead H sur- 
face electrocardiogram, intraatrial and intraventricular 
electrograms, arterial blood pressure, central venous 
pressure, and pulmonary artery pressure were re- 
corded continuously on a polygraph (Grass model 
7A). A sternotomy and pericardiotomy were per- 
formed to expose the epicardial surface of the heart 
after an additional 10 mg/kg of pentobarbital intra- 
‘venously. A bipolar needle electrode was placed one 
_cm apart in the left ventricular apex to allow for ven- 
tricular pacing. The ventricular tachycardia threshold 
was determined using a programmable stimulator 
(Medtronics model 5325) using methods similar to those 
in the cardiac catheterization laboratory for arrhyth- 
-mia induction in humans (5) but modified as follows. 
‚Using a rectangular stimulus of 2 mséc at twice the 
diastolic threshold, 10-sec burst pacing was done be- 
ginning at a.rate of 200 beats per minute (bpm). The 
rate was increased by 50 bpm every minute until either 
ventricular tachycardia was induced or a rate of 400 
bpm had been reached. Rates of greater than 400 bpm 
were not attempted. One minute was allowed to elapse 
between each period of stimulation to permit correc- 
tion of hypotension due to tachycardia and washout 
of myocardial metabolites. The same needle electrode 
Iocation and stimulus strength were used throughout 
the experimental period. 

Bupivacaine, 4 mg/kg, was administered ‘via intra- 
venous bolus over a 60-sec time period, and by an 
infusion at a rate of 0.2 mg-kg~'.min™’. These doses 
were designed to provide a steady-state bupivacaine 
level. of approximately 7 ug/ml throughout the ex- 
periment. Arterial blood samples for measurement of 
bupivacaine serum levels were obtained at.the follow- 
ing times to confirm steady-state conditions through- 
out the experiment: 10 and 30 min after the initial 
administration of bupivacaine, after programmed 

- stimulation of the ventricle prior to administration of 
bretylium or lidocaine, 10 min after the administration 
of bretylium or lidocaine, and after programmed stim- 
ulation of the ventricle.. Arterial blood samples for 
measurement of lidocaine serum levels were obtained 
10 min after the administration of lidocaine and after 
programmed stimulation of the ventricle. The method 
of analysis, for bupivacaine and lidocaine has been 
described, previously in detail and uses mepivacaine 
as the internal, standard (6). After extraction of the 
local anesthetic, 2 yl of the solution is injected into a 
gas chromatograph (Packard model 430) fitted with 
a nitrogen phosphorous detector using a 183-cm 
OV-17 100-120 mesh Ultrabond column. The column 
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detector temperature was 270°C, the injector temper- 
ature was 250°C, and the 6ven temperature was 245°C. 

The experimental protocol was as follows: after an- 
imal preparation, 30 min were allowed to obtain base- 
line data before administration of bupivacaine. Lead 
Il surface electrocardiogram, intraatrial and intraven- 
tricular electrograms, systemic arterial pressure, pul- 
monary artery pressure, pulmonary capillary wedge 
pressure, central venous pressure, and cardiac output 
were recorded as controls. Systemic vascular resis- 
tance, pulmonary vascular resistance, and stroke vol- 
ume were calculated from these data. Using the re- 
corded ECG lead best showing the T-wave and Q-T 
interval, the following parameters were recorded: heart 
rate, PR interval, QRS duration, and Q—TU interval. 

Ventricular tachycardia threshold was then deter- 
mined using the above-described method of burst 
ventricular pacing. After this control period, bupiv- 
acairie was administered in a bolus dose and constant 
infusion dose described above to provide steady-state 
serum levels. Thirty min after the start of bupivacaine 
administration, hemodynamic and electrophysiologic 
measurements were repeated. The ventricular tachy- 
cardia threshold was determined using burst ventric- 
ular pacing. After 10 sec of sustained ventricular 
tachycardia, the animals were cardioverted with 40 
watt-seconds using internal paddles to return to sinus 
rhythm. [Cardioversion with 10 sec of sustained-ven- 
tricular tachycardia allows for return of normal sinus 
rhythm without the need for pharmacologic therapy 
(unpublished observations).] Any animal in which si- 
nus rhythm could not be restored with two attempts . 
to cardioversion was omitted from the study. Thirty 
min after cardioversion, the animals were randomized 
into two treatment groups that received either bret- 
ylium, 20 mg/kg intravenously over 1 min, or lido- 
caine, 2 mg/kg intravenously over 1 min and a con- 
stant infusion of 0.1 mg - kg~? - min~?. Ten min after 
the administration of these drugs, hemodynamic and 
electrophysiologic measurements were repeated. The 
ventricular tachycardia threshold was determined again 
using burst ventricular pacing. The animals were then 
sacrificed with 100 mEq of intravenous KCI. Data anal- 
ysis was done using the y*-test, Student's t-test for 
paired data, and analysis of variance. A probability - 
level of P < 0.05 was considered statistically significant. 


Results 


The hemodynamic and electrophysiologic results in 
the control period, bupivacaine-only period, and ther- 


. apeutic intervention with either bretylium (group B) 


or lidocaine (group L) are shown in Table 1. Pro- 
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Table 1. Hemodynamic and Electrophysiologic Results from Bupivacaine and Therapy’ 


After therapeutic 


Parameter Group Baseline After bupivacaine agent 

Limin CO Group B 3:7 2-05 PAO Bec Us Sat Ti 
Group L 42+ 1.1 24: 06" 1.8 + 0.4° 

ml/beat SV Group B 26.5 + 11.5 19.6: ILJ 28.5 + 6.4% 

Group L 31.8 + 10.2 rE R 19.4 + 10.5 

mm Hg MAP Group B LP), 20.1 105.4 + 11.8" 125.4 + 20.1” 

Group L 107.8 + 18.2 108.2 2 2S ey enc 8 A bs 

dyne-sec: Group B 2211 + 560 2960 + 1015¢ 1750 + 910° 
cm `* SVR Group L 1715 + 780 2740 + 910° 2650 + 700" 
mm Hg MPAP Group B 14.7 + 2.3 15.1 + 3.2 7.3 2 2.3" 
Group L 12.9 + 3.1 13.1 1.9 15.1 + 3.9 
dyne-sec: Group B 118 + 40 149 + 30% fog 7" 
cm” * PVR Group L 142 + 51 171 + 33" 168 + 234 
mm Hg CVP Group B 96 2-3 6.1 21 6.2 + 2.9 
Group L 8.1 + 2.9 72230 Fa 23.0 

mm Hg PCWP Group B 78 £1.1 moe E Dd 17" 
Group L Gk | 1O.E 27% 10.0 + 2.67 

beats/min HR Group B 169 + 19 148 + 10" 196 207 
Group L 179 =. 21 143 + 13” 131 + 18° 

Sec ORS duration Group B 0.12 + 0.02 0.14 + 0.02 015-002 
Group L 0.12 + 0.03 0.15 + 0.0 0.15 + 0.03" 

Sec PR interval Group B 0.10 + 0.01 O13: 0.02 0.14 + 0.02¢ 
Group L 0.11 + 0.02 0.14 + 0.01 0.14 + 0.022 

Sec Q-TU interval Group B 0.22 + 0.04 0.40 + 0.058 0.41 + 0.06" 

+- -+ 


| 


Group L 0.21 + 0.03 0.38 + 0.04" 0.38 + 0.04? 
Group B, bretylium. Group L, lidocaine. 


“Significance from baseline P < 0.05. 
"All figures expressed as mean + sp. 
‘Significance between group P < 0.05. 


grammed stimulation of the ventricle resulted in no 
animals in either group sustaining ventricular tachy- 
cardia in the control period. The bolus and constant 
infusion doses of bupivacaine resulted in steady-state 
serum levels of 7.1 + 1.8 ug/ml (mean + sD) of bu- 
pivacaine throughout the experiment. There was no 
significant difference between beginning and ending 
bupivacaine serum levels, between each experimental 
period, nor between the bretylium and lidocaine treat- 
ment groups. 

Compared to the baseline levels, bupivacaine caused 
a significant decrease in cardiac output, stroke vol- 
ume, heart rate, mean arterial pressure, and an in- 
crease in systemic vascular resistance, pulmonary 
vascular resistance, and pulmonary capillary wedge 
pressure. The electrocardiogram changes included 
significant increases of the Q-TU interval, T-wave 
height, PR interval, and QRS duration. The electro- 
cardiographic changes induced by bupivacaine are 
shown in Figure 1. Bupivacaine caused significant re- 
polarization changes as evidenced by the formation 
of a U-wave, or “slow wave,” following the T-wave. 
Despite the electrophysiologic changes induced by 
bupivacaine, no spontaneous arrhythmias occurred 
in any animals. All animals in both groups sustained 


ventricular tachycardia during programmed stimu- 
lation of the ventricle after the administration of bu- 
pivacaine. No animal was omitted from the study 
because of inability to convert the ventricular tachy- 
cardia to sinus rhythm with DC shock. 

The administration of bretylium resulted in signif- 
icant increases in heart rate, mean arterial pressure, 
cardiac output, and stroke volume, with a decrease 
in systemic vascular resistance. On programmed 
stimulation of the ventricle, the ventricular tachycar- 
dia threshold was raised in all animals, and in four 
of the five animals, ventricular tachycardia could not 
be induced at the maximum rate of 400 bpm used in 
this study. In one animal that experienced ventricular 
tachycardia after bretylium administration, the 
threshold was increased from 250 bpm during bupiv- 
acaine administration to 400 bpm after the adminis- 
tration of bretylium. These changes were statistically 
significant. 

The administration of lidocaine resulted in serum 
levels of 2.0 + 1.5 ug/ml (mean + sp). Lidocaine 
resulted in a slightly decreased cardiac output and 
stroke volume, both being statistically significant. The 
Q-TU interval did not increase further after admin- 
istration of lidocaine. Ventricular tachycardia oc- 
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Table 2. Results of Programmed Ventricular Stimulation 


Baseline 
Animals in Animals in 
ventricular ventricular 
tachycardia tachycardia 


After bupivacaine 
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After therapy 





Lidocaine group (n = 5) 
Bretylium group (n = 5} 


0/5 (0%) 
0/5 (0%) 


‘Pp < Q.01 between groups. 


\ | | | 


CONTROL ~J 


U wave N 
BUPIVACAINE l | | 
mi \ 

T wave 


curred in all five animals given lidocaine. When com- 
pared to the bupivacaine period, in three animals the 
ventricular tachycardia threshold was unaltered; while 
in two, the threshold was actually lowered from 300 
to 250 bpm after the administration of lidocaine. The 
differences in ventricular tachycardia threshold be- 
tween the lidocaine and bretylium groups were sig- 
nificant. In both the bupivacaine-only and the bu- 
pivacaine-plus-lidocaine periods, the ventricular 
tachycardia induced was a very unusual polymorphic 
undulating variety as shown in Figure 2. 


Discussion 


This study demonstrates not only the profound CV 
toxicity of bupivacaine but also the clear differences 
between lidocaine and bretylium in the treatment of 
these CV effects. Bupivacaine-induced alterations in 
cardiac output, stroke volume, heart rate, systemic 
vascular resistance, and mean arterial pressure were 
corrected with bretylium but not with lidocaine. Bu- 
pivacaine caused significant lowering of the ventric- 
ular tachycardia threshold. Bretylium consistently in- 
creased the threshold, while lidocaine was either 
ineffective or actually lowered the threshold even 
further. 


5/5 (100%) 
5/5 (100%) 





Animals Animals in Animals 
with lowered ventricular with raised 
threshold tachycardia threshold 
5/5 (100%) 5/5 (100%) O/5 (0%) 
5/5 (100%) V5? (20%) 5/54 (100%) 


Figure 1. Bupivacaine-induced ECG al- 
j terations. Lead H surface ECG recorded at 
100 mm/sec before and after bupivacaine 
administration. In the control period the 
values are: R-R interval, 0.43 sec; P-R in- 
terval, 0.10 sec; QRS duration, 0.11 sec; 
and Q-TU interval, 0.19 sec. Bupivacaine 
at a concentration of 7.0 ug/ml resulted 
in the following alterations: R-R interval, 
0.53 sec; ORS duration, 0.12 sec; P-R in- 
terval, 0.13 sec; and Q-TU interval, 0.35 
sec. The greatest change occurred in the 
Q-TU interval, with an increase of 84%. 
i | Note the profound repolarization changes 
from bupivacaine as evidenced by the ap- 
pearance of the U-wave or “slow” wave 
after the T-wave. This was not present in 
the control period. 


T wave 


Bretylium does not depress myocardial contractil- 
ity directly (7). Many of the beneficial effects of bret- 
ylium can be attributed to the norepinephrine release 
that occurs when bretylium is taken up and concen- 
trated in adrenergic nerve terminals (8). The high serum 
levels of catecholamines will increase cardiac output, 
stroke volume, and heart rate, thus overcoming some 
of the changes caused by bupivacaine. A decrease in 
systemic vascular resistance after bretylium either could 
be the result of direct vasodilation caused by the drug 
or a reflex vasodilation in response to increased car- 
diac output. In contrast, lidocaine is known to de- 
crease cardiac output and stroke volume (9,10) at the 
concentrations used in this study. This is consistent 
with our finding that lidocaine was not helpful in 
restoring the alterations in cardiac output and stroke 
volume induced by bupivacaine. 

There are several theoretical reasons for not using 
lidocaine to treat bupivacaine-induced arrhythmias. 
Lidocaine is additive with bupivacaine in lowering the 
seizure threshold (11). Thus it is possible for a seizure 
to occur when bupivacaine followed by lidocaine has 
been administered. Bretylium has not been reported 
to lower the seizure threshold (12). Lidocaine and 
bupivacaine both block the fast sodium channel (phase 
1) in the myocardial membrane, although bupivacaine 
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Figure 2. Bupivacaine-induced polymor- 
phic ventricular tachycardia. Continuous 
recording of lead H surface ECG at 25 
mm/sec, demonstrating the unusual poly- 
morphic undulating ventricular tachycar- 
dia occurring after stimulation of the ven- 
tricle during bupivacaine-induced Q-TU 
prolongation. Note that periods of “typ- 
ical” ventricular tachycardia (A and C) are 
followed by what appears to be ventric- 
ular fibrillation (B and D), only to have 

“typical” ventricular tachycardia occur 
again (E). Visual inspection of the ventri- 
cle during the periods of a fibrillation-like i © 
rhythm (B and D) revealed regular organ- ;) ul 
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differs in that the block is more profound and is rate 
dependent (3,13). This similar mechanism of action 
could explain our findings that lidocaine was not only 
ineffective in elevating the ventricular tachycardia 
threshold in all animals, but actually lowered the 
threshold in some. The dose of lidocaine chosen in 
this study was designed to produce serum levels that 
previously have been shown to be effective in pre- 
venting ventricular arrhythmias (14). Bretylium was 
given in a dose similar to that previously shown to 
be effective for bupivacaine ventricular arrhythmias 
(4). 

Bretylium exerts its antiarrhythmic effects by sev- 
eral different mechanisms of action. Bretylium causes 
a marked prolongation of action potential duration in 
the ventricle (7,8). It also decreases the dispersion of 
action potential duration and effective refractory pe- 
riod between normal and damaged regions of the heart 
(15). Bretylium could terminate reentrant arrhyth- 
mias, such as ventricular tachycardia, either by its 
ability to prolong refractoriness without effecting 
propagation of cardiac impulses, or by releasing cate- 
cholamines, which would increase conduction in ab- 
normal conducting tissues (15). Bretylium also has 
been shown to have a “quinidine antagonism’’-like 
effect because it reverses some of the quinidine- 
induced changes in action potential duration, rate of 
maximal depolarization, and His—Purkinje conduc- 
tion (16). Like quinidine, bupivacaine is a potent de- 
pressant of these parameters, and this bretylium an- 
tagonism may be important in treating bupivacaine 
arrhythmias. 

None of the animals spontaneously developed any 
arrhythmias due to bupivacaine alone, but all under- 
went sustained polymorphic ventricular tachycardia 
upon stimulation of the ventricle. Thus it appears that 
bupivacaine generates conditions ripe for ventricular 





\\ 


arrhythmias. The mechanism of ventricular arrhyth- 
mias associated with bupivacaine is not fully under- 
stood. Previous studies have shown that bupivacaine 
is a potent antiarrhythmic when given in low doses 
(0.5-1 mg/kg) intravenously (17-19). Other investi- 
gations have, as has this study, demonstrated signif- 
icant conduction and repolarization changes due to 
bupivacaine (4,20,21). Bupivacaine causes a 50% pro- 
longation in Q-T interval at a lower concentration 
than any other potent local anesthetic studied (21). 
The significant increase in Q-TU interval, generation 
of a “slow wave” following the T-wave (Fig. 1), com- 
bined with the unusual polymorphic undulating ven- 
tricular tachycardia (Fig. 2) from bupivacaine are anal- 
ogous to the clinical syndrome of Torsades de Pointes 
(TdP). 

This suggests a possible explanation for the gen- 
eration of malignant ventricular arrhythmias induced 
by bupivacaine. Torsades de Pointes was described 
in 1966 by Dessertenne as a syndrome of polymorphic 
ventricular tachycardia occurring in the setting of Q-TU 
prolongation (22). Prevalent in this syndrome is an 
enhanced U-wave (also called a “slow-wave”) follow- 
ing the T-wave (23,24). In TdP, the Q-TU interval 
prolongation can be either acquired or congenital, the 
acquired variety being induced by many drugs, par- 
ticularly fast channel sodium blocking drugs such as 
procainamide, quinidine, or disopyramide (23). Bu- 
pivacaine is also a fast channel sodium blocker in the 
cardiac membrane that causes Q-TU interval prolon- 
gation (3,21). In TdP, the prolonged Q-TU interval 
allows a greater chance for an “R-on-T” phenomenon, 
or increased vulnerable period, and resultant malig- 
nant ventricular rhythm (23). It has also been sug- 
gested that reentry ventricular arrhythmias in TdP can 
result from increased dispersion of action potential 
duration (25). Case reports have suggested that bret- 
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ylium is effective, whereas lidocaine is often not ef- 
fective for the ventricular arrhythmias in TdP 
(23,24,26,27). Bretylium may exert its effectiveness by 
increasing action potential duration and increasing 
heart rate, effects that would tend to decrease dis- 
persion. Other effective therapies for TdP include rapid 
atrial pacing and isoproterenol (23,24). 

It is not clear at this time whether bupivacaine ar- 
rhythmias are a true TdP-like syndrome. Certainly 
there are many similarities between the two. This TdP 
comparison does allow an explanation of the many 
studies that previously have been conflicting on the 
differing effects of bupivacaine; especially why bu- 
pivacaine can be an antiarrhythmic in low doses but 
yet cause ventricular arrhythmias at higher doses 
(1,17-19). The most important aspect of this theory 
is that therapy known to be effective for TdP should 
be investigated as possible treatment for ventricular 
arrhythmias associated with potent amide local an- 
esthetics. Isoproterenol and rapid atrial pacing would 
be of particular interest. 

In conclusion, this study demonstrates that bret- 
ylium, but not lidocaine, is effective in reversing many 
of the hemodynamic and electrophysiologic effects 
induced by cardiovascular toxic doses of bupivacaine. 
The results of this study suggest that bretylium be 
considered an immediate treatment for ventricular ar- 
rhythmias resulting from bupivacaine. Bupivacaine 
may result in a TdP-like syndrome. Future studies are 
needed to evaluate the relationship between TdP and 
bupivacaine-induced arrhythmias. 
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The differential levels of sensory blockade of pinprick, cold, 
and touch were monitored throughout the course of spinal 
anesthesia administered to 50 patients to determine varia- 
tions in the degree of spread during onset, plateau, and 
regression, and to establish the effects of epinephrine and 
the effect of posture during injection. A significant difference 
was observed between the dermatomal level of sensory loss 
of touch and the dermatomal level of loss of either pinprick 
or cold during onset, at 5 min in patients given tetracaine 
with epinephrine, at time of maximum spread in patients 
given tetracaine with epinephrine or in the sitting position, 


Anesthesiologists have been challenged by the clinical 
observation that pain develops from application of a 
tourniquet to a lower extremity in patients who have 
adequate levels of spinal anesthesia for orthopedic 
surgical procedures. There is no pain during surgery, 
nor are pinpricks painful in dermatomes well above 
the level of the surgery, yet pain from the tourniquet 
on the anesthetized limb occurs nonetheless in a sig- 
nificant number of patients (1-6). We noted in a pa- 
tient with tourniquet pain that touch could be felt at 
the proximal margin of the tourniquet, whereas pin- 
prick could not be felt above the umbilicus. We won- 
dered if tourniquet pain could be related to the extent 
of differential sensory block during spinal anesthesia, 
and if so, whether this might help us to predict the 
occurrence of tourniquet pain. 

The order in which different types of sensation are 
blocked during clinical spinal anesthesia was re- 
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and in all groups during regression. Loss of touch began 
later, never extended as far cephalad, and regressed sooner. 
The extent of this difference was greatest during regression, 
when the anesthetic was gtven to patients in the sitting 
position, after epinephrine. The level at which the sense of 
touch was lost seemed to mark the limits of the zone of solid 
spinal anesthesia; these limits could not be assessed effec- 
tively using pinprick. We propose that loss of touch sen- 
sation be used to assess whether anesthesia ts adequate to 
avoid tourniquet pain. If there is loss of touch sensation 
above the L1 dermatome, it is unlikely that tourniquet pain 
will occur. 


Key Words: ANESTHETIC TECHNIQUES, RE- 
GIONAL—depth. 


viewed by Sinclair and Hinshaw (7), who stressed that 
the relative order of loss among the modalities of cold, 
warm, and pain is contingent upon the methods used 
to stimulate the patients and on the training of the 
patient or volunteer in sensory discrimination. How- 
ever, investigators consistently have found that per- 
ception of pain, however measured, was blocked be- 
fore touch. In their study on the order of loss of 
sensation during surgical spinal anesthesia, Hein- 
becker et al. (8) found that pain to pinprick was lost 
prior to touch (stimulus not described). In studies of 
differential spinal anesthesia in volunteers, Sarnoff 
and Arrowood (9-13) were able to produce increases 
in cutaneous temperature due to block of sympathetic 
fibers at doses of procaine that sometimes also blocked 
the appreciation of pinprick but spared other sensa- 
tions (to light brushing and finger pressure) and vol- 
untary motor activity. Greene’s (14) interest in the 
differential susceptibility of the sympathetic system 
and the somatosensory system motivated him to com- 
pare segmental levels of anesthesia to pinprick and 
to cold. He used cold as an indication of probable 
sympathetic block believing that fibers involved in 
perception of cold were of equivalent susceptibility to 
anesthesia as the sympathetic preganglionic fibers. 
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Greene found that temperature discrimination failed 
about two spinal segments above the level corre- 
sponding to pinprick. Chambers et al. (15) have found 
recently that the loss of sensation to touch at 20 min 
after intrathecal bupivacaine was two dermatomes 
lower than the loss of sensation to pinprick, which 
has been the standard clinical tool used in evaluating 
the level of anesthesia. 

These earlier studies have established that a dif- 
ferential sensory block to touch, pinprick, and cold 
occurs during spinal anesthesia, but they have not 
described the difference in dermatomal spread of block 
for various sensations throughout the progress of 
anesthesia. Nor have they compared the effects of 
posture, epinephrine, and different local anesthetics. 
Here we have tested the level of anesthesia for three 
types of stimulation: pinprick, touch (light pressure), 
and cold during spinal anesthesia. 


Materials and Methods 


Patients included in this study were drawn from a 
population scheduled for surgery between March and 
June 1983. A variety of extraperitoneal procedures 
were done, including transurethral resection, herni- 
orrhaphy, vein stripping, joint replacement, and other 
orthopedic procedures. In 10 patients a tourniquet 
was applied to the lower extremity to facilitate the 
operation. Patients were of both sexes, between 40 
and 80 yr. Spinal anesthesia was administered and 
managed by residents in training and by staff phy- 
sicians in a routine fashion for five groups. The an- 
esthetic technique and drug were chosen on the basis 
of the contemplated surgery. If the patient qualified 
for one of the groups as detailed below, then informed 
consent was obtained and we made the observations. 
Patients were premedicated with diazepam, 5-10 mg 
orally, and received less than 100 ug of fentanyl in 
divided doses during the procedure. 

The upper boundary of the loss of each sensory 
modality was determined by asking patients to com- 
pare the sensation when a stimulus was applied to 
an unanesthetized area and in the test area. The der- 
matome below the lowest dermatome at which the 
sensation was reported to feel the same as in the 
unanesthetized area was recorded as the upper level 
of loss of sensation. Tests for each modality were 
made every 5 min during onset, and at half-hour in- 
tervals during plateau and regression. Sensory loss 
of pinprick was tested using an 18-gauge sharp needle 
with a long bevel, of cold by touching the skin with 
a wet alcohol sponge and fanning with the evaluator’s 
hand, and of touch by producing minimal tissue def- 
amation using light pressure applied with the eval- 
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Table 1. Group Characteristics 
i ta a a gd 


Group Drug Position Dose” 

1 Tetracaine Lateral 11.8 + 0.34 

2 Tetracaine with Lateral 12.6 + 0.6 
epinephrine 0.23- ae 0021 

3 Tetracaine Sitting 12.8 +0.35 

4 Tetracaine with Sitting 13.5 + 0.95 
epinephrine 0.25 + 0.02 

5 Lidocaine Sitting 2. AA eB) 


Meee ienee terrier rprviierrnmppit pe erense 


“Mean, mg + SEM, 


uator’s finger. A chart was prepared for each patient 
during the course of the anesthetic, which gave the 
dermatomal level corresponding to the boundary of 
blockade of each type of stimulus at each test period. 
On the same record we noted occurrence of tourni- 
quet pain, a deep, poorly localized ache. Confirma- 
tion of the presence of tourniquet pain was not ac- 
tively sought; however, patients who became restless 
were asked if they had pain and its location. Also, 
we noted whether the pain disappeared with the re- 
lease of the tourniquet. 

Fifty patients chosen sequentially were divided into 
the following five groups of 10 patients each, accord- 
ing to the anesthetic used and the patients’ positions 
at the time of injection of local anesthetic into the 
subarachnoid space: tetracaine in the lateral position; 
tetracaine with epinephrine in the lateral position; 
tetracaine in the sitting position; tetracaine with ep- 
inephrine in the sitting position; and lidocaine in the 
sitting position. Each patient was returned to the su- 
pine position immediately after injection. The mean 
dose of local anesthetic and epinephrine for the ten 
patients in each group is summarized in Table 1. All 
solutions were mixed with dextrose. Statistical anal- 
ysis was performed on the differences between levels 
for touch vs levels for pinprick or cold sensation at 
each sample time. Differences were considered sig- 
nificant if the P value (1-2 a) of the Wilcoxon test for 
paired samples was less than 0.05. Whenever levels 
for touch were compared to both levels for pinprick 
and levels for cold sensation, differences with P < 
0.025 were considered significant. The P values are 
summarized in each figure caption. For comparisons 
of differences between groups the unpaired t-test was 
used. 


Results 


The time course of the upper segmental levels of sen- 
sory blockade of the three types of stimuli tested are 
given for each of the five groups in Figures 1-5. 


SPINAL ANESTHESIA: TOUCH, COLD, AND PINPRICK 
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Figure 1. The upper dermatomal levels of blocks (mean + SEM) of 
pinprick sensation (closed circle), touch (x), and cold sensation 
(open triangle) after the intrathecal administration of tetracaine 
with 5% dextrose to patients in the lateral position. Patients were 
turned supine immediately after injection. In this and all other 
figures the time axis was expanded during onset. After the breaks 
in the curves at 30 min, all subsequent samples were taken at one- 
half hour intervals. For touch vs pinprick, P < 0.02 for samples at 
120, 150 and 180 min; P < 0.05 for samples at 15, 30, and 90 min. 
For touch vs cold, P < 0.02 for samples at 20, 25, 30, 120, and 150 
min; P < 0.05 for samples at 60 min. 


Differential Spread of Anesthetic 


It is clear from Figures 1-5 that patients in all groups 
could feel touch in dermatomes that were not sensi- 
tive to pinprick and cold and that the extent of the 
difference varied with time in the five groups. 


The Effect of Time, Posture, and Epinephrine 


The level of loss of touch was lower than levels at 
which pinprick and cold sensation were blocked. At 
5 min this difference was significant in the two groups 
given tetracaine with epinephrine. At plateau the dif- 
ference for cold sensation vs touch was significant in 
all five groups, regardless of patient position and the 
presence of epinephrine. For pinprick vs touch, the 
difference failed to be significant only for the group 
given tetracaine while they were in the lateral position 
(Fig. 1). At regression of sensory level of pinprick to 
T7-T8 there was a difference in all groups. Thus the 
extent of the difference in level of blockade became 
greater during regression. Regression of the level of 
loss of touch to the L1-T12 dermatomal level preceded 
equivalent regression of levels for pinprick or cold 
sensation by 60 min or more. 

The difference between the level of loss of touch 
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TETRACAINE WITH EPINEPHRINE LATERAL 
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Figure 2. The upper dermatomal levels of blocks (mean + SEM) of 
pinprick sensation (closed circle), touch (x), and cold sensation 
(open triangle) after the intrathecal administration of tetracaine 
with epinephrine, 0.2 mg, and 5% dextrose to patients in the lateral 
position. Patients were turned supine immediately after injection. 
For touch vs pinprick, P < 0.02 for all samples except at 15, 25, 
30, and 300 min; P < 0.05 for the sample at 300 min. For touch vs 
cold, P < 0.02 for samples at 5, 60, 90, 120, 150, 180, 210, 240, and 
330 min; P < 0.05 for samples at 10, 30 and 270 min. For pinprick 
vs temperature, P < 0.05 for samples at 60, 90, 150 and 180 min. 


and the level of loss of cold sensation was greatest in 
two conditions: the first was when the anesthetic was 
administered to patients in the sitting position (Fig. 
l vs 3, Fig. 2 vs 4) and the second, when epinephrine 
was added (Fig. 1 vs 2, Fig. 3 vs 4). Furthermore, the 
effect of epinephrine on the difference for touch vs 
either pinprick or cold sensation was enhanced when 
the anesthetic was given to patients in the sitting po- 
sition (Fig. 1 vs 4). 

It appears that when tetracaine with epinephrine 
was injected into patients in the lateral position, the 
level of block attained was about two segments higher 
than it was without epinephrine. On the contrary, 
when tetracaine with epinephrine was injected into 
patients in the sitting position, the level of block at- 
tained was not much changed. If anything it was 
somewhat lower. This suggests that the action of ep- 
inephrine in raising the level of block (18) does not 
occur when the anesthetic is administered to patients 
in the sitting position. 

The differences between cold and pinprick sensa- 
tion were also greater in the presence of epinephrine 
(Figs. 2 and 4). A difference (P < 0.05) of about two 
segments was seen at the plateau in Figure 2, with 
loss of sense of cold having the greatest cephalad 
spread. The continuity of the difference between suc- 
cessive test periods reinforces our impression that the 
level of loss of cold sensation was in fact significantly 
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TETRACAINE SITTING 
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Figure 3. The upper dermatomal levels of blocks (mean + SEM) of 
pinprick sensation (closed circle), touch (x), and cold sensation 
(open triangle) after the intrathecal administration of tetracaine 
with 5% dextrose to patients in the sitting position. Patients were 
placed supine immediately after injection. For touch vs pinprick, 
P < 0.02 for samples at 15, 20, 25, 30, 60, 90, 120 and 150 min: 
P < 0.05 at 10 min. For touch vs cold, P < 0.02 for samples at 15, 
20, 25, 30, 60, 90, and 120 min; P < 0.05 for samples at 150 min. 


higher than the level of loss of pinprick sensation. 
Our statistical analysis confirmed the significance of 
differences at each test period and did not take the 
consistency between successive periods into account. 


Lidocaine vs Tetracaine 


Lidocaine given to patients in the sitting position was 
associated with results similar to those observed with 
tetracaine (Fig. 5 vs Fig. 3), except that the period of 
anesthesia was shorter for lidocaine. Also with lido- 
caine, the rate of regression of the level of touch ap- 
pears to be greater than the rate of regression of the 
levels of pinprick or cold sensation. The extent of 
differential spread of analgesia thereby became greater 
with lidocaine than with tetracaine. 


Discussion 


After an intrathecal injection of a local anesthetic, a 
concentration gradient develops with a progressive 
decrease in anesthetic concentration away from the 
site of injection (16,17). The spinal cord lies only in 
the cephalad limb of decreasing drug concentration. 
Because of differences among the spinal neural sys- 
tems involved in the sensations of touch, cold, and 
pinprick, one would expect that sensory block of each 
type of stimulus would occur at differing concentra- 
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Figure 4. The upper dermatomal levels of blocks (mean + SEM) of 
pinprick sensation (closed circle), touch (x), and cold sensation 
(open triangle) after the intrathecal administration of tetracaine 
with epinephrine, 0.2 mg, and 5% dextrose to patients in the sitting 
position. Patients were placed supine after injection. For both touch 
vs pinprick and cold, P < 0.02 for all samples except at 270 and 
300 min; P < 0.05 for samples at 300 min. 


tions of local anesthetics. Taken together with the 
orderly representation of dermatomes, the ebb and 
flow of the anesthetic gradient during spinal anes- 
thesia should be accompanied by a corresponding 
cephalad migration and regression of the limits of 
sensory blockade. Only if the susceptibility to anes- 
thetics were identical among neural systems respon- 
sible for sensory reception in the response to all three 
types of stimuli would the boundaries of sensory 
blockade on the skin increase and decrease at the 
same rate and pattern. Results of this study show that 
the boundaries of sensory blockade do not increase 
and decrease together, and they suggest that there is 
some differential sensitivity to anesthetics in the un- 
derlying neural systems. 

The differential sensory blockade also may be ex- 
pected to occur at the nadir of the lumbar lordotic 
curve when a relatively small dose of a hyperbaric 
solution is given to patients in the lateral position and 
allowed to spread with the patients in the supine 
position. Moore (18) found, in patients undergoing 
bilateral bunionectomies, after the administration of 
spinal block to these patients in the lateral position, 
that surgical anesthesia on the dependent side was 
satisfactory. On the contralateral side, although 
pinching of the skin with a forceps, taken as equiv- 
alent to pinprick, elicited no response, the patients 
complained of pain with incision. Thus a hyperbaric 
solution resulted in a differential block due to position 
at the time of injection. 
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Figure 5. The upper dermatomal level of block (mean + SEM) to 
pinprick sensation (closed circle), touch (x), and cold sensation 
(open triangle) after the intrathecal administration of lidocaine with 
7.5% dextrose to a patient in the sitting position. Patient was placed 
supine immediately after the injection. For touch vs pinprick and 
cold, P < 0.02 for samples at 10, 15, and 60 min; P < 0.05 at 20 
min. 


Touch vs Pinprick and Cold 


Our principal result, that sensitivity to touch is more 
resistant in a zone of differential blockade after spinal 
anesthesia than sensitivity to pinprick or to cold, is 
consistent with prior reports (7—9,11,13). 


Utility of Multiple Stimult 


The results show that knowing the segmental level 
at which pinprick sensation is lost would permit one 
to predict the level at which the sense of cold is lost 
with reasonable accuracy and vice versa. Our results 
also show that knowing segmental levels of loss of 
pinprick or cold sensation will not permit prediction 
of the segmental level at which touch is lost. This 
suggests that routine use of touch with either of the 
other two stimuli would provide additional infor- 
mation to the anesthetist regarding onset and regres- 
sion of anesthesia. In particular, the level of sensory 
block to touch would be useful in assessing the level 
of solid anesthesia, because touch consistently is de- 
tected well below dermatomes that are completely 
anesthetized to pinprick and cold sensation. The clas- 
sical practice of testing patients with pinpricks, while 


ANESTH ANALG 92] 
1985;64:917-23 


Table 2. Segmental Level of Analgesia to Pinprick when 
Tourniquet Pain Began 





Tetracaine Bupivacaine 


T, T; 
Ta T; 


One patient from present study and 14 from previous studies (2,3). 


well tolerated by most patients, occasionally does leave 
residual marks for a few days, particularly in older 
patients. The alcohol sponge seems to provide equally 
useful information, and we recommend a cold stim- 
ulus for routine monitoring of anesthetic level. Re- 
producibility and consistency of the measurements in 
any given patient are aided by using the method of 
bracketing the marginal dermatome by alternatively 
presenting stimuli above and below it, rather than 
progressing cephalad in small increments for each 
successive evaluation. 


Observations on Tourniquet Pain 


Pain after the application of a tourniquet occurs more 
often without epinephrine (1). It also occurs more 
frequently with tetracaine than with bupivacaine (2,3). 
The incidence of tourniquet pain was found by Egbert 
and Deas (19) to depend on dose. They used two 
doses of tetracaine without epinephrine (12 mg and 
16 mg), and there was significantly greater incidence 
of tourniquet pain in the group receiving the lower 
dose. Table 2 is a compilation of patients who devel- 
oped tourniquet pain; one patient is from this study, 
and 14 from previous studies (2,3). As seen in this 
table, there is no consistent relation between seg- 
mental level of analgesia as monitored with pinprick 
and the occurrence of tourniquet pain. Our clinical 
experience is that monitoring anesthesia with pin- 
prick alone does not permit us to predict the occur- 
rence of tourniquet pain. The present results show a 
large spread between the segmental level measured 
with pinprick (or cold) and the level to touch, partic- 
ularly during regression. As the differences in levels 
between touch and pinprick have become clear, we 
have begun to test anesthetic levels in our patients 
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using light finger pressure (touch) and cold, as well 
as pinprick. Three cases will be used to present our 
hypothesis. In one, sensory block to pinprick ex- 
tended to T10 and in the other to T3 at the time tour- 
niquet pain occurred. The level of sensory blockade 
to touch, however, had descended to L2 in both these 
patients. In a third patient, sensory block to pinprick 
was found only at T12, yet the patient felt no tour- 
niquet: pain. In this patient we gave increments of 
anesthetic via an intrathecal catheter to maintain the 
level of Sensory block to touch above the L2 derma- 
tome. Thus the level of sensory block to touch appears 
to be the critical indicator signalling adequacy of anes- 
thesia for tourniquet pain. 

Although much research has been done on altered 

sensory and neurophysiologic transmission during limb 
ischemia, tourniquet pain remains poorly understood 
in three important ways. First, the site and mecha- 
nism of origin of the impulses that serve to signal the 
pain are unclear. This is because no reported exper- 
imental electrical recordings have been made during 
the patient’ s pain to measure discharges from nerve 
fibers in the peripheral nerve from the ischemic limb. 
Second, we know neither which fiber populations are 
implicated in the pain nor by what pathways impulses 
enter the cord. Third, the central integrative processes 
operating in the spinal cord during tourniquet pain 
are obscure. To what extent discharges in A delta and 
C fibers from the ischemic limb are involved in tour- 
niquet pain is not clear, nor is it clear whether the 
impulses penetrate a marginal block or go around it 
via fibers traveling in the sympathetic trunk, as sug- 
gested by de Jong and Cullen (5). 

It long has been known that repetitive activity in 
C fibers leads to an increased amplitude in the C ele- 
vation of the compound action potential (20). Re- 
cently, Strichartz and Zimmerman (personal com- 
munication) have shown that repetitive activity at 5-10 
Hz will, in fact, penetrate a marginal anesthetic block 
in C fibers. In their experiments, just enough anes- 
thetic was present to eliminate the C elevations of the 
compound action potential in response to single shocks. 
Repeated stimuli resulted in a progressive increment 
in the C elevation, indicating conduction past the 
blocked region. Repetitive activity in A fibers in mar- 
ginal block in vitro, on the other hand, tends to in- 
crease block (21), Thus with impulse activity present, 
conduction block may increase in large A fibers, while 
it declines in C fibers, and this could accentuate the 
sensations of pain. 

In summary, we find that during spinal anesthesia, 
sensory block to cold and pinprick sensation occurs at 
more cephalad dermatomes than does sensory block 
to touch. Touch consistently is felt in dermatomes 
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where cold and pinprick are not felt. We also find 
that the zones of differential blockade are greater dur- 
ing the regression of spinal anesthesia and are accen- 
tuated both by the sitting position and epinephrine. 

Our experience suggests that loss of the sensation of 
touch marks the limits of the zone of solid anesthesia 
that could not be effectively assessed by using pin- 
prick. This study does not resolve the mechanism of 
tourniquet pain. The level of sensory block to pinprick 
was found not to correlate. with the occurrence of 
tourniquet pain in patients from this study and two 
prior studies (2,3). The difference in the regression of 
sensory blockade of touch and pinprick may account 
for this. Touch may be a better predictor of when 
tourniquet pain will occur. 
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Hemodynamic and Plasma Catecholamine Responses to 
Epinephrine-Containing Perianal Lidocaine Anesthesia 
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J. Raymond Fletcher, MD, PhD, David Cook, MD, C. Raymond Lake, MD, PhD, 
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COOK D, LAKE CR, CHERNOW B. Hemodynamic and 
plasma catecholamine responses to epinephrine-containing 
perianal lidocaine anesthesia. Anesth Analg 1985;64: 

924-8. 


Despite the frequent use of large volumes (30-40 ml) of 
epinephrine-containing local anesthetic solutions for ano—rectal 
surgery, little is known about the anesthetic-induced hemo- 
dynamic consequences. Therefore, we measured the heart 
rate, blood pressure, and plasma catecholamine (norepi- 
nephrine and epinephrine) responses to the perianal injec- 
tion of 40 ml of 0.5% lidocaine alone (n = 8) or 0.5% 
lidocaine with 1:200,000 epinephrine (n = 10) in 18 healthy 
adults undergoing outpatient ano—rectal surgery. The mean 
+ SEM plasma epinephrine concentration increased from a 
baseline of 42 + 7 pg/ml to a peak of 622 + 94 pg/ml 4 


Epinephrine-containing local anesthetics are widely 
used because epinephrine (EPI) delays the absorption 
of lidocaine into the circulation, thereby prolonging 
the duration of anesthesia (1,2). For ano—rectal sur- 
gery, large volumes (40 ml) of local anesthetic are 
often required to achieve adequate anesthesia. The 
potential deleterious hemodynamic effects of EPI ab- 
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min after injection of epinephrine-containing anesthetic (P 
< 0.001), whereas lidocaine alone increased the mean plasma 
value from 36 + 9 pg/ml (baseline) to only 69 + 16 pg/ml 
(not significantly different) at its peak. Despite the increases 
in plasma epinephrine levels in the group receiving epi- 
nephrine-containing anesthesia, no changes in blood pres- 
sure, heart rate, or plasma norepinephrine levels were ob- 
served. Given the advantages (including prolongation of the 
duration of anesthesia) of adding epinephrine to perianal 
local anesthetics, our data support its safe use in healthy 
adults. 


Key Words: ANESTHETIC TECHNIQUES, REGION- 
AL—infiltration. ANESTHETICS, tocat—lidocaine 
blood levels. SYMPATHETIC NERVOUS SYSTEM— 
epinephrine. 


sorbed from these large volumes of anesthetic solu- 
tions (given in the ano—rectal area) are unknown. 

In their classic review article on the interaction be- 
tween anesthetic agents and adrenergic drugs, Katz 
and Epstein (3) recommend that normal adults receive 
no more than 10 ml of 1:100,000 EPI subcutaneously 
during halothane, cyclopropane, and trichlorethylene 
anesthesia, to avoid cardiac arrhythmias. EPI given 
subcutaneously also increases systolic blood pressure 
(BP) and heart rate (HR), decreases diastolic BP, and 
increases the cardiac work load (4). Prior studies (5—7) 
of the hemodynamic changes associated with infiltra- 
tion anesthesia have involved much smaller anes- 
thetic volumes (e.g., 1.8 ml for dental anesthesia) than 
those required for ano-rectal surgery. At our hospital, 
ano-rectal procedures are performed almost exclu- 
sively under local anesthesia using 40 ml of 0.5% lid- 
ocaine with 1:200,000 EPI injected into the submucosa 
of the rectum and anus. The amount of EPI in this 
volume available for absorption is 0.2 mg, the maxi- 
mum dosage that can be given safely to an adult car- 
diac patient (8) and up to 11 times the amount used 
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Figure 1. Mean + SEM plasma epinephrine and norepinephrine 
levels at three baseline points (~ 30, ~ 10, ~ 1 min) before and after 
injection (arrow) of 40 ml of 0.5% lidocaine with (hatched bars) or 
without (open bars) 1:200,000 epinephrine. The ~ 10 point repre- 
sents the baseline value against which all other values are compared 
for statistical significance. Asterisk (*) indicates a significant dif- 
ference between a given value and baseline. Cross (+) indicates a 
significant difference between paired values at a given time point. 


for dental patients (5-7). The present study was de- 
signed to measure the hemodynamic and plasma EPI 
and norepinephrine (NE) responses to the adminis- 
tration of local ano—rectal anesthesia. 


Materials and Methods 


Eighteen patients (four women and 14 men, mean 
age of 47 yr, range 28-75 yr) were studied in a protocol 
approved by our hospital's institutional review board. 
Patients fasted overnight and refrained from cigarette 
smoking prior to their surgical procedure. All patients 
scheduled for hemorrhoidectomy (n = 6) were given 
ano~—rectal anesthesia with lidocaine containing EPI 
because of the necessity for providing a dry surgical 
field. This eliminated our ability to have a blinded 
randomized protocol. Patients scheduled for other 
ano-—rectal operations (lateral sphincterotomy, fistu- 
lectomy/fistulotomy, and excision of anal condyloma, 
n = 12) were randomized so that four would receive 
40 ml 0.5% lidocaine with 1:200,000 EPI and eight 
would receive anesthesia with 40 ml 0.5% lidocaine 
without EPI (n = 10 for lidocaine and EPI group, n 
= 8 for lidocaine alone). Randomization was done by 
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Figure 2. Mean + sEM systolic and diastolic BP, heart rate, at three 
baseline points (30, —10, ~ 1 min) and after injection (arrow) of 
40 ml of 0.5% lidocaine either with (hatched bars) or without (open 
bars) epinephrine. 


using a random number table for the first eight pa- 
tients undergoing other ano—rectal surgery. 


Experimental Protocol 


With the patient in a supine position, an 18-gauge 
catheter was inserted into an antecubital vein and 
attached to a three-way stopcock for blood sampling. 
Blood pressure was measured in the contralateral arm 
by auscultation, using a sphygmomanometer, while 
HR was continuously monitored using a Hew- 
lett-Packard 7834A cardiac monitor. 

Twenty minutes after intravenous catheter inser- 
tion, the first blood sample for plasma catecholamine 
assays was drawn and the baseline HR and BP re- 
corded. The patient was then placed in a knee—chest 
position for 10 min before any manipulations were 
made. During this period a second baseline blood 
sample was collected, and hemodynamic parameters 
were again measured. These baseline variables were 
used to calculate the statistical significance of all sub- 
sequent data. (Baseline is recorded as the — 10 time 
point in Figures 1 and 2.) Diazepam (10 mg) and me- 
peridine (50-100 mg, dosage adjusted for age, weight, 
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Table 1. Hemodynamic and Plasma Catecholamine Responses to Local Ano—rectal Anesthesia 


Lidocaine with epinephrine group (n = 


Baseline Time (min) of 
+ SEM" Peak value? peak mean value 
HR (beats/min) 80 + 4 95 + 9 4 
Systolic BP (torr) 130 + 6 133-7 —' 
Diastolic BP (torr) 86 + 4 76 + 3 60 
EPI (pg/ml) 42 +7 622 + 94 8 
NE (pg/ml) 277 + 32 183 + 22 60 


Lidocaine alone group (n = 8) 
Si eigen pesn el lal ia 


Baseline Peak mean Time (min) of 
P value“ + SEM" value” peak mean value P value“ 
NS 72 + 6 93 +9 4 NS 
NS 133 + 8 134 + 8 mat NS 
NS 84 + 3 $2 a 2 m" NS 
<0.001 36 + 9 69 + 16 16 NS 
<0.05 297 + 52 206 + 39 30 NS 


TO NR ip a UU 


“Baseline value + seM obtained 10 min before anesthetic injection. 


"Value + SEM representing the greatest value above or below the baseline. 


‘Number of min after injection of anesthetic at which the greatest change over baseline was obtained, 


“Statistical significance of the peak value as compared to baseline value. 


‘Blanks indicate that the observed values at the different time points were essentially the same, such that no rise was enough to qualify as a peak value. 


and clinical response of the patient) were given in- 
travenously to provide sedation and analgesia, re- 
spectively. Five minutes after these medications were 
given, another blood sample was drawn and the BP 
and HR recorded. Immediately thereafter, 2-3 ml of 
local anesthesia was injected into the perianal skin in 
a circumferential manner. A 22-gauge spinal needle 
was next used to inject the remainder of the 40 ml of 
anesthetic solution into the submucosa of the rectum 
and anus in eight different sectors around the anal 
canal. An aspirating technique was used to prevent 
intravenous injection. The surgeon’s index finger was 
inserted into the rectum to help direct the spinal needle 
to the correct depth during the injection. Approxi- 
mately 4-5 ml of anesthetic was injected into each 
location so that the total volume of anesthetic in each 
patient was always 40 ml. Blood samples were drawn, 
and hemodynamic measurements were made 1, 4, 8, 
12, 16, 30, and 60 min after completion of the anes- 
thetic administration. The operation was begun pre- 
cisely 12 min after completion of the injection of the 
anesthetic. 


Catecholamine Assay and Blood Collection 


Each blood sample was placed into a 12-ml chilled, 
heparinized, glass test tube that was immediately 
placed in wet ice for approximately 10 min before 
being centrifuged at 3000 RPM for 10 min at 4°C. The 
plasma was then separated and placed into glutathi- 
one-containing plastic test tubes that were stored at 
— 70°C until assayed. Assay of plasma NE and EPI 
concentrations was done by a radioenzymatic tech- 
nique in which a partially purified enzyme, catechol- 
o-methyl transferase (COMT), catalyzes the transfer 
of a °H-methyl group from commercially available °H- 
S-adenosylmethionine to the meta-hydroxyl group of 
endogenous NE and EPI, forming 3H-normetaneph- 
rine and °*H-metanephrine, respectively. Measure- 


ments are accurate to levels of 15 pg of NE or EPI per 
ml of plasma (8). 


Data Analysis 


Data were analyzed by the two-tailed paired Student's 
t-test and by analysis of variance. Results are ex- 
pressed as mean + SEM. To minimize the effect of 
inflating the a level with our use of multiple hypoth- 
esis tests, we have chosen to label as significant only 
those P values less than 0.005. 


Results 


Baseline values for systolic and diastolic BP, HR, and 
plasma EPI and NE concentrations were similar in the 
two groups (Figs. 1,2; Table 1). The mean (+ SEM) 
plasma EPI concentration in the group of patients 
receiving lidocaine with EPI began to increase signif- 
icantly (P < 0.001) above baseline levels (42 + 7 pg/ml) 
at | min after anesthetic injection and peaked between 
4 min (622 + 94 pg/ml) and 8 min (620 + 75 pg/ml) 
(Fig. 1, Table 1). The mean plasma EPI level in the 
“lidocaine only” group did not change (Fig. 1, Table 
1). No anesthetic-induced changes in plasma NE were 
observed (Fig. 1, Table 1). 

Systolic and diastolic BP and HR did not change 
significantly during the study in either group. No 
ECG abnormalities occurred in any of the 18 patients 
during the study. 


Discussion 


The addition of a vasoconstrictor such as EPI to a local 
anesthetic solution to be used in the highly vascular 
ano-rectal area is important in the successful per- 
formance of ano-rectal surgical procedures (2). Pre- 
vious studies investigating the hemodynamic effects 
of an exogenous source of EPI (5-7) have not em- 
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ployed the large volume of anesthetic agent com- 
monly used in the ano—rectal surgery. In the present 
study we addressed the safety of utilizing 40 ml of 
lidocairie with EPI by measuring the plasma cate- 
cholamine and hemodynamic responses to such 
ano—rectal local anesthesia. 

In patients receiving lidocaine with EPI, there was 
an anesthetic-induced increase in the plasma EPI con- 
centration 15-fold above baseline levels. Furthermore, 
the EPI concentration remained elevated throughout 
the entire procedure. The plasma EPI level 60 min 
after injection was twice the baseline level. In patients 
given lidocaine without EPI, no significant chahge in 
the plasma EPI level was noted at any time during 
the procedure (Fig. 1). This indicates that the high 
plasma EPI levels noted in the “EPI group” are ex- 
ogenous in origin and not secondary to the stress of 
the procedure. The NE levels remained essentially 
unchanged in both groups (Fig. 1), confirming pre- 
vious reports on the use of EPI-containing local anes- 
thesia (6,7). 

Despite a 15-fold increase in the plasma EPI con- 
centration after the injection of lidocaine with EPI, 
hernodynamic responses were negligible. Threshold 
levels of plasma EPI at-which certain hemodynamic 
changes can be expected have been studied by Clutter 
et al. (9,10) who reported that HR increases at plasma 
EPI levels of about 100 pg/ml. Our mean EPI values 
were six times higher than these levels, and yet no 
clinically important or statistically significant in- 
creases in HR were observed, although all patients in 
both groups exhibited a tendency toward a higher 
HR. Chitter et al. reported increased systolic BP with 
plasma EPI values greater than 125 pg/ml and de- 
creased diastolic BP with EPI values exceeding 200 
pg/ml. None of these changes were noted in our study, 
despite plasma EPI values higher than reported by 
Clutter et al. 

Several observations can be made regarding dif- 
ferences between the studies of Clutter et al. and the 
present work. First, EPI was injected subcutaneously 
in our patients, intravenously in those of Clutter et 
al. In spite of this difference, other investigators re- 
port similar hemodynamic effects from subcutaneous 
and intravenous EPI (4). Second, the mean age of our 
patients was 47 years, an older population than theirs, 
who had an average age of 28 years. We do not know 
if younger patients have a greater hemodynamic re- 
sponse to EPI than older patients. Third, patients in 
the present study were given intravenous meperidine 
and diazepam. Both of these drugs can cause hypo- 
tension (11,12) and may therefore lessen the observed 
cardiovascular response to EPI. Fourth, the amount 
of lidocaine (200 mg) given to patients in this study 


may have resulted in plasma lidocaine blood levels 
between 0.5 and 3.5 ug/ml (13-15). Lidocaine blood 
levels ranging from 0.6-2.0 ug/ml have been reported 
as concentrations necessary to treat or prevent ven- 
tricular irritability after myocardial infarction (15). The 
addition of lidocaine to EPI has been shown to in- 
crease by a factor of two the maximum safe submu- 
cosal dose of EPI for inducing ventricular irritability 
after halothane anesthesia (16). Thus the blood levels 
of lidocaine may have modified the cardiovascular 
responses to the blood levels of EPI observed in our 
patients in the same way that lidocaine protects against 
epinephrine-induced arrhythmias (16-18). 


The authors would like to thank Dominic S. D’Angona, Jr, for his 


technical assistance and David F. Cruess, PhD for his advice on our 
statistics. 
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Morphine Concentration in Brain and Spinal Cord after 
Subarachnoid Morphine Injection in Baboons 


M. A. Gregory, Msc, J. G. Brock-Utne, MD, FFA, S. Bux, BSC, and 


J. W. Downing, MBBCH, FFARCS 


GREGORY MA, BROCK-UTNE JG, BUX 5S, 
DOWNING JW. Morphine concentration in brain and 
spinal cord after subarachnoid morphine injection in 
baboons. Anesth Analg 1985;64:929-32. 


Tritium-labeled morphine was injected into the lumbar (L4—5) 
subarachnoid space of three baboons. The animals were sac- 
rificed 3, 6, and 24 hr thereafter. Morphine concentrations 
were measured at five predetermined positions within the 
spinal cord, medulla oblongata, and frontal lobes of the brain 
by scintillation-count assay. The results revealed that mor- 
phine ascends in the subarachnoid space and ts absorbed into 


Pain relief by either epidural or intrathecal opioid in- 
jection has proved successful in clinical practice. 
However, factors that influence the cerebrospinal fluid 
(CSF) pharmacokinetics of these drugs after intra- 
spinal injection remain poorly understood. The life- 
threatening ventilatory depression described several 
hours after intraspinal morphine injection has caused 
concern as to the safety of this technique (1-3). 

With few exceptions (4,5), most investigations into 
the physiologic responses to and pharmacokinetics of 
intrathecally injected drugs have been limited to stud- 
ies in nonprimates (6,7). In an attempt to better un- 
derstand the CSF pharmacokinetics of intraspinal 
morphine in primates, we injected tritium-labeled 
morphine subarachnoidally into baboons and exam- 
ined its subsequent localization in the spinal cord and 
medulla oblongata. 


Methods 


One male and two female adult baboons (Papio ursi- 
nus) of mean weight 22.7 kg (range 19-27 kg) were 
studied. The animals were anesthetized with intra- 
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the spinal cord and medulla oblongata in a time-dependent 
fashion. Ventilation was most depressed and maximal con- 
centrations of morphine were detected in the medulla six 
hours after injection. Delayed respiratory depression, oc- 
casionally reported after intraspinal morphine injection, may 
therefore be caused as a result of the affinity of morphine 
for binding sites, possibly opiate receptors, situated within 
the vital respiratory and cardiovascular neuronal complexes 
of the medulla, 


Key Words: ANESTHETIC TECHNIQUES, srinat— 
morphine. ANALGESICS, MORPHINE—spinal. 


muscular ketamine (10-20 mg/kg). Thereafter, to 
maintain anesthesia during the study period, keta- 
mine was administered intravenously in bolus doses 
of 1 mg/kg when required. Prior to intrathecal injec- 
tion, the lumbar region (L4-5) of each baboon was 
closely shaved and cleaned. Using a Terumo 22-g spinal 
needle, 1 ml of isotonic saline containing 1 millicurie 
of H morphine (2.5 mg/ml—Amersham International, 
UK) was injected into the subarachnoid space of each 
animal (L4-5). Thereafter, all intrathecal injections were 
performed with the animal in the right lateral posi- 
tion. The animals were left in the supine position for 
the duration of the study. At 3 (baboon 1), 6 (baboon 
2) and 24 (baboon 3) hr after the subarachnoid injec- 
tion, while still anesthetized, the animals were sac- 
rificed by injections of concentrated potassium chlo- 
ride solution in the heart. At autopsy, performed within 
minutes of death, the entire spinal cord, medulla and 
brain were carefully removed. The cord was severed 
above the medulla and quenched in liquid nitrogen 
to facilitate retention of shape during the biopsy pro- 
cedures. A block of the frozen tissue was taken from 
the site of injection and the medulla oblongata in each 
animal. Using the injection site as a marker, we ob- 
tained additional blocks of tissue from 5 cm below 
and 5, 10, and 20 cm above this site. In addition, to 
serve as °H negative controls, tissue from the frontal 
lobes of each brain was quenched and prepared for 
cryosectioning. 


Cryosectioning, Tissue Solubilizing, and 
Scintillation Counting Procedures 


Using a Reichert Frigocut cryostat at a chamber tem- 
perature of — 15°C, cryosections of 20 um were made 
of the brain, medulla oblongata, and each of the trans- 
versely orientated blocks of spinal cord. Four pairs of 
sections were cut from each block. Each pair of sec- 
tions was immersed in 1 ml of Soluene 350 (Packard) 
solubilizing solution in four scintillator vials (2 x 20 
pm sections x 4 vials/block). In addition, sections of 
each block were mounted on glass slides, fixed in 
Bakers fluid, and stained with hematoxylin and eosin 
(H & E) for light microscopy. After solubilization for 
24 hr at 22°C, the resultant solution was reconstituted 
to 10 ml with Insta-Gel scintillation fluid (Packard). 
To reduce chemiluminescence, the solution was sta- 
bilized for 24 hr at 22°C in the dark. Insta-Gel solutions 
with and without 1 ml of Soluene were prepared to 
serve as background controls. Using a Packard Tri- 
Carb liquid scintillation counter (model 3380), 10-min 
counts were made of each vial. 


Compensating Specimen Count for Tissue Volume 


The cross-sectional areas of individual specimens of 
spinal cord, medulla, and brain varied extensively 
within and between animals. To compensate for such 
variations and to enable morphine concentrations 
within specimens to be quantified, the following 
methods were employed. 

The transverse area of individual specimens was 
determined from H & E cryosections by means of a 
VIDS ‘System 111’ semiautomatic image analyzer. 
Utilizing all available data, a formula was constructed 
that compensated specimen counts per minute (CPM) 
for tissue volume variations: 


Specimen CPM | 
Section area (mm?) x thickness (4 x 10*) 
= CPM/mmé of tissue. 


Results 


Six hours after the administration of tritiated mor- 
phine, the respiratory rate of baboon 2 had slowed 
from 17 to 9 breaths/min and baboon 3 from 16 to 8 
breaths/min. In baboon 1, no clinically significant 
change in. respiratory rate was noted. In baboon 3, 


ventilatory depression lasted for approximately 1 hr,. 


after which the respiratory rate slowly increased to 
normal over a further period of 2 hr. 

Table 1 and Figure 1 summarize the data in terms 
of mean CPM/mm’ of tissue for each position minus 
the mean background CPM. Three hr after injection, 
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Table 1. 
Counts per minute 
a pas 
Baboon Time (x 10%/mm? of tissue 
number (hr) Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.6 Pos.7 
1 3 18 125 49 7.5 1.9 0.09 0.05 
2 6 44 46 41 160 96 7.2 — 


3 24 12 15 4 0.1 


Abbreviations: Pos.1, 5 cm below injection site; Pos.2, injection site; 
Pos.3, 5 cm above injection site; Pos.4, 10 cm above injection site; Pos.5, 26 
cm above injection site; Pos.6, pons medulla; Pos.7, frontal lobe. All CPM 
have had background CPM deducted. Bab. No., Baboon identification (see 
Methods). Time, Time of sacrifice after subarachnoid morphine injection. 


0.04 0.03 — 


high concentrations of morphine were detected in the 
immediate vicinity of the injection site. Six hr after 
injection, substantial levels of morphine were de- 
tected over the length of the cord and medulla ob- 
longata. At 24 hr after injection, no morphine could 
be detected other than a small concentration in the 
immediate vicinity of the injection site. Note that 7H 
levels in control brain tissue were within scintilla- 
tor/soluene fluid limits. 


Discussion 


Respiratory depression after both iritrathecal and ex- 
tradural morphine may be immediate or delayed. Im- 
mediate depression, thought to be caused by the rapid 
systemic absorption of morphine, is easily diagnosed 
and therefore easily managed. Delayed respiratory 
depression often proves a more serious condition, 
especially if monitoring of patients is inadequate. In 
humans, delayed respiratory depression has been ob- 
served most frequently 10 hr after intrathecal mor- 
phine injection, with attenuated ventilatory response 
recorded up to 22 hr after the epidural administration 
of this drug (3,8). 

Delayed respiratory depression is thought to be 
caused by the rostral spread of morphine in the CSF 
(3,9). Helrich et al. (9) found that procaine ascends 
the subarachnoid space in a time-dependent fashion. 
Our observations suggest that morphine ascends in 
a similar manner. For 3 hr after injection, morphine 
was particularly concentrated in the immediate vicin- 
ity of the injection site, whereas 6 hr after injection 
there was a much more even distribution of morphine 
over the length of the cord and medulla (T able 1, Fig. 
1). During the course of this study, however, no sig- 
nificant levels of morphine were detected in the fron- 
tal lobes. 

- The mechanisms involved in eliminating drugs from 
the CSF were not investigated as part of this study. 
It is interesting to note, however, that in this study, 


MORPHINE CONCENTRATION IN BRAIN AND SPINAL CORD 


BABOON | 
125 


34 MORPHINE (CPM X 10°) 





morphine elimination is almost complete 24 hr after 
intrathecal injection. 

In clinical practice, after intrathecal injection of 
morphine, the onset of respiratory depression may 
vary quite considerably. In this study, baboon 2 and 
3 showed some respiratory depression 6 hr after mor- 
phine injection. The presence of moderately high con- 
centrations of morphine in the medulla at this time 
suggested a relationship between these two phenom- 
ena. The medulla oblongata, a region rich in opiate 
receptors, is situated dangerously close to vital res- 
piratory and cardiovascular centers. It is proposed 
that by its binding with opiate receptors in this region, 
morphine is responsible for the observed delayed res- 
piratory depression. 

This study indicates that morphine ascends the 
subarachnoid space and binds to receptors, possibly. 
opiate, in the spinal cord and cerebellum in a time- 
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Figure 1. Histograms showing the positional distribution of *H in 
baboon spinal cords 3 hr (Baboon 1); 6 hr (Baboon 2), and 24 hr 
(Baboon 3) after the intrathecal injection of °H morphine. For key 
to positions (Pos.) 1-7, see Table 1. Pos. 8 (*), background CPM. 


dependent fashion. Drug concentration appears to 
vary inversely with distance from site of injection. It 
is suggested that delayed respiratory depression after 
subarachnoid and epidural morphine injection is caused 
as a result of the affinity of morphine for binding sites 
near the respiratory neuronal complexes of the me- 
dulla oblongata. We therefore concur with Bromage 
(1) that unless special surveillance is provided, the 
single-bedded hospital room with all its comforts and 
privacy is not a safe place because of the risk of de- 
layed respiratory depression after subarachnoid opioid 
administration. 
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Myocardial Ischemia due to Obstruction of an Aortocoronary 
Bypass Graft by Intraoperative Positioning 


Chris M. Weinlander, Mp, Dennis W. Coombs, MD, and Stephen K. Plume, MD 





The patency of aortocoronary saphenous vein bypass 
grafts is greater than 80% after 5 yr (1,2). Graft ob- 
struction requires surgery in some patients, particu- 
larly when it involves a critical coronary lesion. Causes 
of acute obstruction of bypass grafts that have been 
reported include gaseous or particulate emboli, vaso- 
spasm, and thrombosis due to low flow states (3,4). 
Causes of delayed onset of obstruction of grafts in- 
clude intimal proliferation and fibrosis, thrombosis, 
and atherosclerosis (5). Mechanical causes of graft ob- 
struction, including pressure placed directly over the 
sternum and graft, have not been reported. We report 
a case of acute reversible obstruction of flow in an 8- 
yr-old coronary artery bypass graft, apparently due 
to intraoperative positioning. 


Case Report 


A 35-yr-old man was scheduled for a lumbar lami- 
nectomy for spinal stenosis. Past medical history in- 
cluded coronary artery bypass grafting of the left an- 
terior descending (LAD) artery and the right coronary 
artery in October 1976, for angina uncontrolled by 
medical management. He had never had a myocardial 
infarction. Since that time, the patient had been free 
of angina. His activity had been limited over the past 
year, however, by low back pain. The patient also 
had a history of hypertension, for which he took both 
hydrochlorothiazide, 50 mg, twice a day and potas- 
sium supplementation. In addition to the coronary 
artery bypass grafts, the patient had an L4—5 discec- 
tomy in March 1977, without complications. During 
that operation, the patient was in the prone position 
and lateral chest rolls were used. Anesthesia, con- 
sisting of nitrous oxide, oxygen, thiopental, and pan- 
curonium, was uneventful. At the time of the present 
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admission, physical examination was unremarkable. 
Preoperative laboratory values were also unremark- 
able. The ECG showed a first degree atrioventricular 
(AV) block without evidence of myocardial ischemia. 

After pretreatment with fentanyl, 100 ug, and gal- 
lamine, 15 mg, anesthesia was induced with 300 mg 
of thiopental, and tracheal intubation was carried out 
using 100 mg of succinylcholine. Anesthesia was 
maintained using nitrous oxide and oxygen, fentanyl, 
and pancuronium. Pulmonary ventilation was con- 
trolled, and isoflurane was used to reduce a systolic 
hypertension of 150 mm Hg on two occasions. The 
blood pressure never decreased below 100 mm Hg 
during the first 30 min of anesthesia. 

The patient was placed in the knee—chest position 
on a 1080 AMSCO operating table. Considerable ve- 
nous congestion of the head and neck occurred. Our 
solution was to place an anterior sternal roll to elevate 
the thorax and improve venous drainage from the 
head and neck. Twelve to 15 cm of sternal padding 
were needed to relieve the venous congestion. The 
operation was begun. Examination of the V; lead 
showed, for the first time, 1-2 mm of ST depression 
(single lead monitoring). The patient continued to be 
hemodynamically stable. A second set of electrodes 
and a different 7803 B Hewlett Packard electrocardi- 
ograph were used to determine whether the ECG 
changes were artifacts of position or equipment. Ni- 
troglycerin, 100 ug intravenously, and propranolol, 
1 mg intravenously, were given; but no change oc- 
curred in the ST segments. A nitroglycerin infusion 
was begun. The new ECG tracing showed a definite 
injury current consisting of 3-4 mm of J point and ST 
elevation. Thirty min after induction, the surgeons 
stated that they would finish the operation in another 
30 min. Due to the persistent ST segment elevation, 
nifedipine, 10 mg, was given intranasally. It was not 
possible to give the nifedipine sublingually because 
of intraoperative positioning. Over the 5 min after 
intranasal nifedipine, the systolic blood pressure de- 
creased from 150 to 90 mm Hg. No change or im- 
provement in the ST segments occurred. Over the 
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next 10 min, the systolic pressure gradually increased 
to 120 mm Hg. Fifty min after induction of anesthesia, 
the patient had a 6-beat run of ventricular tachycardia. 
A bolus injection of 75 mg of lidocaine was given 
followed by infusion of lidocaine at a rate of 3 mg/min. 
A radial arterial catheter was inserted, and the nitrous 
oxide was discontinued. An arterial blood sample 
showed the pH to be 7.32, PCO, to be 44 mm Hg, and 
Po, to be 487 mm Hg. 

At the completion of surgery, the patient’s systolic 
blood pressure decreased to 60 mm Hg. This initially 
responded to injection of ephedrine, 12.5 mg intra- 
venously, and calcium chloride, 500 mg intrave- 
nously. A dopamine infusion at a rate of 2 
ugkg` tmin“! was started, and 300 ml of lactated 
Ringer's solution was administered. The rate of in- 
fusion of dopamine was increased and reached 15 
ug-ke~'smin~! on arrival in the recovery room to 
maintain a blood pressure of 70-80 mm Hg. A 12- 
lead ECG showed evidence of massive anterolateral 
ischemia consistent with a lesion in the distribution 
of the LAD artery (Fig. 1). A pulmonary artery cath- 
eter was inserted. The initial pulmonary artery pres- 
sure was 23/16 mm Hg with a pulmonary capillary 
wedge pressure of 14 mm Hg. The cardiac output was 
3.5 L/min. 

After consultation with cardiologists and cardi- 
othoracic surgeons, it was agreed that the patient was 
suffering an acute anterolateral myocardial infarction. 
Blood sampled at that time later revealed a creatine 
phosphokinase level of 3040 IU/L (upper limit of nor- 
mal 225 IU/L) with a 10% MB fraction (normal MB 
fraction 4%). An intraaortic balloon pump (IABP) was 
inserted preparatory to emergency coronary revas- 
cularization. Cardiac catheterization was not per- 
formed, in order to avoid delaying revascularization. 
The patient was anesthetized with 5 mg fentanyl, 10 
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Figure 1. Initial ECG done in the recovery 
E room after completion of lumbar laminec- 
cial HE Hil fins ch tomy and before acute revascularization 
li iMi ee ce ts fist] Of the LAD artery; one hour after place- 
ment of sternal padding. The patient was 
receiving 100% Fip,. Acute anterolateral 
ischemic changes are present. Calibration 
voltage of the ECG is 10 mm. 


mg pancuronium, and 100% oxygen. The right com- 
mon femoral artery and vein were exposed. Heparin 
was administered and the groin vessels cannulated. 
Cardiopulmonary bypass was begun, and the pa- 
tient’s core temperature was decreased to 32°C. The 
sternum was then bisected and adhesions taken down 
sufficiently to define the anterior surface of the heart. 
A second venous cannula was inserted via the right 
atrial appendage, and a transatrial left ventricular vent 
was inserted via the right superior pulmonary vein. 
The LAD artery was dissected free. Both saphenous 
vein bypass grafts were patent and pulsatile. Flow 
was audible by Doppler examination through both 
vessels. An end-to-side anastomosis was made be- 
tween the LAD artery distal to the previously inserted 
graft and the aortic root. Termination of cardiopul- 
monary bypass required epinephrine, nitroglycerin, 
and sodium nitroprusside infusions to maintain a car- 
diac output of 4.5 L/min. The IABP was continued 
intraoperatively and for 48 hr postoperatively. 

The patient recovered from the operation without 
incident and left the hospital on the eighth postop- 
erative day. An ECG done on the sixth postoperative 
day is shown in Figure 2. A thallium exercise tolerance 
test to 6 METs (one MET unit is equal to the basal 
oxygen consumption, about 3.3-3.5 mlkg` tmin” t) 
was performed 6 weeks postoperatively and was con- 
sistent with an old anteroseptal myocardial infarction. 
The patient had no chest pain or evidence of ischemia 
during this stress test. The patient had no complaints 
of low back pain or chest pain after discharge. He 
refused a followup cardiac catheterization. 


Discussion 
In this patient, the temporal sequence of events strongly 
suggests that the act of placing the sternal padding 
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Figure 2. ECG on the sixth postoperative 
day showing resolution of the injury cur- 
rent and persistent nondiagnostic lateral 
T-wave changes. The patient was an am- 
bulatory inpatient without supplemental 
oxygen therapy. Calibration voltage of the 
ECG is 10 mm. 


directly over the graft on the LAD artery precipitated 
acute obstruction of flow in the graft. This caused 
myocardial ischemia in the area of distribution of the 
LAD coronary artery as evidenced by changes in the 
ECG and cardiac enzyme levels before exploration of 
the grafts (Fig. 1). This possibility also is supported 
by the fact that the patient had had a previous pro- 
cedure on the lower back after his initial coronary 
artery bypass graft without incident. The major dif- 
ference between this operation and the first operation 
on his back was one of positioning. We are aware of 
no data demonstrating adverse effects of prone or 
knee—chest position on myocardial function. Smith 
states that he has “never seen impairment of cardiac 
efficiency develop because the weight of the body was 
supported on the chest wall” (6). Thus in the absence 
of other factors such as hypoxia or hypotension, onset 
of ischemia is otherwise unexplained. Indeed, the 
ischemic changes occurred after placement of the ster- 
nal padding, and no significant hypotensive event 
occurred before or for 30 min after its placement. 
Mechanical events can trigger myocardial ischemia 
involving coronary vein bypass grafts. For example, 
the length of the vein graft is critical. If it is too short, 
it may kink at the anastomotic site or be intermittently 
compressed by the heart during diastolic filling. If 
long, the graft is similarly susceptible to kinking. As 
time passes, the graft becomes partially encased in 
fibrosis and adhesions, to some extent protecting it 
from kinking and compression. Unlike the intramyo- 
cardial artery, however, no myocardial bridging sup- 
ports this structure during diastole (7). Processes such 
as atherosclerosis and intimal proliferation may have 
further predisposed this patient’s graft to obstruction 
by mechanical factors. Obstruction of flow may have 
been due to direct compression of the lumen of the 
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graft. More likely, however, gravity, compression, and 
associated mechanical factors led to kinking of this 
rigid and partially occluded graft. This, in turn, led 
to a narrowing of the lumen and resultant obstruction 
of flow. 

Other causes of myocardial ischemia in this patient 
cannot be unequivocally ruled out. For instance, it is 
possible that coronary artery spasm may have oc- 
curred. In a recent clinical report by Skarvan et al., 
coronary artery spasm occurring between the termi- 
nation of cardiopulmonary bypass and 150 min after 
completion of the operation was treated with either 
intravenous (0.8-2 mg) or sublingual (20 mg) nifedi- 
pine or intracoronary nitroglycerin (8). Hemodynamic 
function stabilized within 15-120 min after the start 
of the treatment, indicating that spasm had been treated 
successfully. If vasospasm did occur in our patient, 
it did not respond to treatment with nifedipine. This 
lack of a salutary effect on an evolving myocardial 
infarction was also noted by Muller et al. in the Ni- 
fedipine Angina Myocardial Infarction Study (9). In 
that study, nifedipine (20 mg orally every 6 hr starting 
4.6 hr after the onset of chest pain) failed to prevent 
progression of a threatened infarction to an acute 
myocardial infarction or to reduce infarct size. Al- 
though the nifedipine was administered intranasally 
in Our case, it produced a systemic response, as evi- 
denced by the decrease in systolic blood pressure from 
150 to 90 mm Hg. The pulsatile and patent state of 
the grafts at the time of exploration also argues against 
the possibility of vasospasm. 

Most patients with acute perioperative myocardial 
infarctions do not undergo immediate coronary re- 
vascularization. There is a rationale, however, for this 
aggressive approach. Our decision to proceed with 
acute revascularization was made in the presence of 


acute hemodynamic instability and evolving myo- 
cardial infarction, and in attempt to preserve as much 
viable myocardium as possible. In an animal study, 
Costantini et al. compared two groups of dogs (10). 
One group had 7 days of continuous occlusion of the 
proximal LAD artery. A second group had 3 hr of 
occlusion followed by 7 days of reperfusion of the 
same artery. In the first group, mechanical and met- 
abolic function remained severely depressed after 7 
days of occlusion. Mean infarct size was 31.6%. In the 
second group, significant mechanical and metabolic 
dysfunction developed and did not improve during 
the first hour of reperfusion. After 7 days of reper- 
fusion, however, function had returned to near preoc- 
clusion levels. Mean infarct size was 14.2%. A study 
by Phillips et al. examined surgery for evolving myo- 
cardial infarction in humans (11). One hundred and 
fifty-six patients underwent emergency coronary re- 
vascularization during evolving myocardial infarc- 
tions as demonstrated by ECG, cardiac enzyme levels, 
and clinical course. Catheterization revealed double- 
or triple-vessel disease with the arteries not respon- 
sible for the myocardial infarction having lesions of 
70% or greater. Single-vessel disease was excluded 
unless a single artery supplied approximately 15% or 
more of the myocardial mass (proportion of nonmov- 
ing wall to moving wall). The average time from the 
onset of chest pain to complete revascularization was 
6 hr. Thrombectomy was successfully performed in 
79% of patients. The surgical mortality was 5.1%. Av- 
erage improvement in ejection fraction among a 
subgroup of patients (n = 26) who, like our patient, 
were hypotensive, receiving drug therapy, or on IABP 
support preoperatively was 56% (from 29% to 44%). 
Graft patency was 99% on restudy. Late followup to 
62 months disclosed only 17 patients with residual 
limitations. Both of these studies support the decision 
to proceed with emergency coronary revasculariza- 
tion in the setting of an evolving myocardial infarc- 
tion. Due to the hemodynamic instability of our pa- 
tient, it was felt that exploration and revascularization 
should be performed as soon as possible without wait- 
ing for cardiac catheterization. 

In conclusion, the sequence of events in this case 
strongly suggests that a position-related occlusion of 
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a previously patent aortocoronary bypass graft led to 
myocardial infarction. The patient went on to have 
acute coronary revascularization with a good out- 
come. Although a rare event, mechanical occlusion 
of coronary bypass grafts may occur. If suspected, 
strong consideration should be given to measures di- 
rected toward reversing the occlusion, including acute 
thrombectomy, revascularization, or both. 


The authors thank Kristin Lanphear for manuscript preparation 
and Drs. Quentin J. Durward and Bruce D. Hettleman, of the 
Sections of Neurosurgery and RAIGIOIEY: respectively, for their 
involvement in this case. 
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Paraplegia Caused by Spinal Angioma—Possible Association with 


Epidural Analgesia 


Nicholas P. Hirsch, FFARCS, Christopher S. Child, FFARCS, and S. A. Wijetilleka, FFARCSI 


Epidural analgesia is a widely accepted technique for 
providing pain relief during labor. However, both 
transient and permanent neurologic sequelae, includ- 
ing paraplegia, have been reported (1-6). We report 
a case in which the administration of epidural anal- 
gesia was followed over the next few weeks by a 
progressive paraplegia. Investigations demonstrated 
the presence of a spinal arteriovenous malformation 
(AVM). A mechanism is proposed by which the epi- 
dural injection may have caused a change in blood 
flow through the AVM resulting in cord ischemia. 


Case History 


The patient was a fit 41-year-old woman whose only 
previous medical history was that of hypertension 
associated with the use of an oral contraceptive. Her 
three previous pregnancies had all culminated in nor- 
mal deliveries, the last twenty years earlier. She had 
not received epidural analgesia during her previous 
confinements, and there had been no obstetric com- 
plications. During the sixteenth week of her fourth 
pregnancy she was found to be hypertensive (145/104 
mm Hg), and she was treated with methyldopa, 250 
mg, three times per day, later reduced to 250 mg twice 
a day, which produced satisfactory control of her blood 
pressure. 

After unsuccessful attempts to induce labor with 
dinoprostone (prostin Ez) pessaries when the patient 
reached term, it was decided to induce labor with an 
oxytocin infusion and to provide control of pain and 
blood pressure with epidural analgesia. After an in- 
fusion of 500 ml of Ringer’s lactate solution, an epi- 
dural catheter was introduced without difficulty into 
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the L4/L5 interspace via a Tuohy needle with the pa- 
tient in the left lateral position. A test dose of 2 ml of 
0.5% bupivacaine resulted in no untoward effects, 
and the full dose of 8 ml of 0.5% bupivacaine was 
administered after oxytocin-induced labor was fully 
established; no hypotension occurred. Ten minutes 
after the administration of the local analgesic, the pa- 
tient complained of a dull pain in her neck and left 
arm that subsided spontaneously after several hours. 
The pain was not related to contractions, straining, 
or posture. The second stage of labor lasted for one 
hour, and she delivered a healthy boy by spontaneous 
vaginal delivery. When discharged from the hospital 
seven days after delivery, she did not complain of any 
symptoms. However, the pain in her arm and neck 
recurred intermittently, and four weeks after dis- 
charge she developed weakness and numbness of both 
legs that progressively worsened. Five weeks after 
discharge she was readmitted to hospital unable to 
walk and with urinary retention. During the 24 hr 
after admission, she developed weakness of both arms, 
more severe on the left. On examination the signs 
were suggestive of an upper motor neuron lesion. At 
this stage her respiration was noted to be entirely 
diaphragmatic, and she was closely observed for signs 
of phrenic paralysis. Studies at this time included a 
lumbar puncture, which showed the CSF to be clear, 
and an lohexol myelogram, which revealed dilated 
and tortuous vessels throughout the length of the 
spinal canal (Fig. 1). These were more prominent in 
the cervical region and were accompanied by mild 
swelling of the cervical cord. It was concluded that 
these findings were suggestive of a cervical cord an- 
gioma, and angiography performed four weeks later 
confirmed the presence of a large dural arteriovenous 
malformation arising from the left vertebral artery at 
the level of the foramen magnum (Fig. 2). The vessel 
feeding the malformation was successfully clipped at 
operation; although the patient's clinical signs re- 
mained essentially the same, there was some im- 
provement in motor function in both hands after the 
operation. 
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Figure 1. lohexol myelogram revealing dilated, tortuous vessels. 


Discussion 

Spinal angiomas are uncommon, their incidence being 
between 3.4 and 11.5% of spinal cord tumors (7,8). 
However, these AVMs have been recognized with 
increasing frequency since the introduction of im- 
proved contrast myelography and selective spinal an- 
giography. Most spinal angiomas are found in the 
thoraco—lumbar region and are said to be 2-3 times 
more common in males. When located in the cer- 
vico-thoracic region, incidence is approximately equal 
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Figure 2. Arteriovenous malformation (arrow) arising from the left 
vertebral artery at the level of the foramen magnum. 


in both sexes. In about 60% of cases the diagnosis is 
reached before the age of forty (9). Patients typically 
present with pain in the back, neck, or limbs, with 
other sensory signs, or with weakness. Other less 
common presenting features are a disturbance of mic- 
turition, of defecation, or of sexual function. Symp- 
toms characteristically commence insidiously unless 
spinal subarachnoid hemorrhage occurs; however, 
the latter is the presenting feature in only 5% of 
cases (10). 

Symptoms of spinal angiomas may be precipitated 
or aggravated by exercise, systemic infection, unre- 
lated trauma, and menstruation (11). Pregnancy has 
been reported as occasionally provoking symptoms, 
and suggested mechanisms include an increased ve- 
nous pressure due to inferior vena cava compression 
by the gravid uterus (12), hormonal changes affecting 
the vascular endothelium (13), and an increase in blood 
volume (14). 

The mechanism that leads to the development of 
neurologic deficit in patients with spinal angiomas is 
uncertain, but it appears that an alteration in the ve- 
nous pressure in the vessels draining these vascular 
tumors is an important factor (15,16). The venous 
drainage of the cord is shown in Figure 3. It can be 
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Figure 3. Venous drainage of the spinal cord. 


seen that the coronal veins receive blood from the 
radial veins that drain the intramedullary circulation. 
The coronal veins in turn empty into the epidural 
venous plexus. Symon et al. (17) have suggested that 
when a spinal angioma is present there is an increase 
in pressure in both the coronal and epidural veins. 
This results in a decreased arteriovenous (A-V) pres- 
sure gradient and a decreased spinal blood flow. The 
reduced A-V pressure gradient in turn leads to in- 
tramedullary vasodilatation and to the development 
of increased tissue pressure. These intravascular pres- 
sure changes are transmitted directly to the adjacent 
cord substance, resulting in the formation of edema. 
Ultimately, if unchecked, extensive ischemic damage 
of the cord may result. 

In this case there are a number of factors that could 
have altered the already compromised venous drain- 
age of the angioma, thereby precipitating spinal cord 
damage by the mechanism outlined above. Uterine 
contraction results in increased venous pressures within 
the epidural plexus, and this is reflected in the in- 
creases in epidural pressure that have been observed 
during labor (18). Similarly, the Valsalva-like maneu- 
ver of bearing down forces blood into the entire epi- 
dural plexus, and this results in very high pressure 
peaks throughout the whole of the epidural space 
(19). Presumably, postpartum uterine contraction also 
increases pressures within the epidural venous sys- 
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tem. These factors, whether alone or in combination, 
could have contributed to an alteration of the hemo- 
dynamics of the angioma. 

The apparent temporal relationship between the 
epidural injection and the onset of pain in the arm 
and neck is difficult to explain. However, it is docu- 
mented that the introduction of liquid into the epi- 
dural space leads to an increase of pressure in the 
space (20). This pressure change is transmitted to the 
epidural veins, and this could have compromised fur- 
ther the venous drainage of the angioma. However, 
despite the reduced compliance of the epidural space 
in pregnancy, the increase in epidural pressure after 
epidural injection is not sustained, and it is difficult 
to imagine such a short-lived increase in pressure re- 
sulting in such devastating neurological deficit so long 
after the injection. 

In conclusion, a case is described in which the onset 
of symptoms due toa cervical angioma was associated 
with, but not necessarily caused by, an epidural in- 
jection. Symptoms included pain in the neck and arm 
followed by progressive paraplegia. The pathophys- 
iology of spinal angiomas is discussed, and possible 
mechanisms are proposed to explain the development 
of the neurological deficit. 
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Letters to the Editor 


Balanced Anesthesia: Does 
it Anesthetize? 


To the Editor: 


I am prompted by the letter from Dr. Grummitt (Anesth 
Analg 1984;63:1049) in which he takes issue with a statement 
that “the level of surgical stimulation” may be too intense 
and continuous to achieve adequate anesthesia with a ni- 
trous oxide—narcotic relaxant technique. I have recently 
completed a study comparing the incidence of awareness 
and wakefulness between a balanced anesthetic technique 
and a total intravenous anesthetic technique. Wakefulness 
is the ability of a patient to respond to a command during 
general anesthesia but then to have no recollection of this 
in the postoperative period (1). I say completed, but in fact 
I terminated the investigation at the halfway point because 
so many patients were wakeful that moral and ethical doubts 
were raised about its continuation. 

The technique of balanced anesthesia consisted of pre- 
medication with oral temazepam (10-20 mg) one hr pre- 
operatively. Anesthesia was induced with fentanyl 250 ug, 
thiopental (3-4 mg'kg ') and succinylcholine (1-1.5 
mg'kg '). After intubation the patients’ lungs were artifi- 
cially ventilated with 66% nitrous oxide in oxygen from a 
nonrebreathing circuit, The minute volume was 100 


maintained with incremental injection of vecuronium. Fur- 
ther fentanyl (100 ug) was injected as indicated by clinical 
signs of light anesthesia, and thiopental (100 mg) plus fen- 
tanyl (100 ug) were given when wakefulness was detected. 
Wakefulness was assessed by using a modification (2) of 
Tunstall’s (1,3) isolated arm technique. 

The results for the balanced anesthetic shown in Table 
I are by no means unique. Wilson (4) found that approxi- 
mately 30% of patients could respond to commands during 
surgery when papaveretum had been used for premedi- 
cation and also as part of the balanced technique. Tunstall 
(3) has shown this wakeful anesthetic state occurring in 
more than 75% of mothers at some stage during cesarean 
section under general anesthesia. 

Despite the high incidence of wakefulness in this study, 
only one patient had factual recall. However, it should be 
remembered that after wakefulness had been double-checked 
by holding the patient’s hand and giving her further specific 
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Table 1. The Outcome of Balanced Anesthesia 
sence E a e E 
Nitrous 
oxide-oxygen 
and fentanyl 


aaaea OOOO 


Number of patients 25 

Technique abandoned because of high blood 2 
pressure 

Number of patients showing purposeful 18 
movements of isolated arm 

Number of patients moving hand in 11 
response to commands 

Number of patients opening their eyes 9 
during surgery 

Number of patients given supplementary 12 
thiopental 

Nightmares 4 

Other dreams 1 

Recall 1 


Mean duration of anesthesia and range (min) 70 (40-130) 
Mean dose of fentanyl and range (ug) 450 (250-750) 
Mean dose of fentanyl per hr (ug) 400 

Mean weight of patients and range (ug) 62 (43-80) 


instructions, thiopental (100 mg) was injected intrave- 
nously. Without this the incidence of awareness may have 
been much higher. 

Four patients had nightmares, either during or after sur- 
gery, and these were typical of light anesthesia. Two pa- 
tients were initially reluctant to discuss these nightmares 
in case they were interpreted as signs of impending insan- 
ity. One patient thought she was a bee crawling on a page 
while someone tried to cut her in half; another page would 
then fall on top of her and all was peace for a time until 
she crawled out again to repeat the process. The second 
patient dreamt she was being buried while she cried out, 
“I’m not dead yet,” but no one could hear her. The third 
patient dreamt she was blind and was unable to open her 
eyes. The fourth patient experienced the same nightmare 
as she had experienced with three previous “balanced” 
techniques using various combinations of fentanyl and dro- 
peridol. She floated dispassionately up in the air viewing 
herself below, all alone on earth, frightened, and with no 
one to talk to. I have since anesthetized her again for yet 
further major surgery (this time using papavertum and hal- 
othane 0.5-1%) after which, to her immense relief, there 
were no dreams. All four of these patients responded to 
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commands at some stage during surgery, but only the fourth 
had actual recall of what was said to her during surgery. 
Despite my doubts about this technique, all patients who 
had previous experience of general anesthesia felt that in 
terms of postoperative well being this was their anesthetic 
of choice for the future. 

I cannot comment about the risks of wakefulness in bal- 
anced anesthesia in general because many techniques and 
drugs are used, e.g., older analgesics with a hypnotic com- 
ponent like morphine, or the addition of droperidol. How- 
ever, the technique as described, usually with much less 
fentanyl and much more muscle relaxant, is sufficiently 
widespread that I feel obliged to communicate these results. 

With the limited data available, it is up to the reader to 
decide, if the results, in Dr. Grummitt’s words (5), “strike 
at the very foundation upon which the technique of bal- 
anced anesthesia has been built.” 


lan F. Russell, FFARCS 
Department of Anesthesia 
Hull Royal Infirmary 
Anlaby Road 

Hull, HU3 2)Z, England 
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A Bellow’s Leak in an Ohio 
Anesthesia Ventilator 


To the Editor: 


A recent case illustrates the need for proper preoperative 
testing of ventilator bellows used during anesthesia. Shortly 
after an Ohio 7000 ventilator began to control respiration 
in a patient undergoing knee arthroscopic examination un- 
der general anesthesia, it was noted that the bellows was 
not rising at the end of exhalation. The patient’s chest was 
rising with each inhalation, a peak inspiratory pressure of 
26 cm HO was attained, the vital signs remained stable, 
and a respirometer showed the exhaled tidal volume to be 
850 ml. The ventilator was adequately ventilating the pa- 
tient at the volume set without detrimental effects. Inspec- 
tion of the ventilator revealed a loose connection between 
the bellows and bellows base assembly. After correction of 
the problem, the ventilator produced similar respirometer 
readings. The operation and postoperative course were 
uneventful. 

The Ohio 7000 anesthesia ventilator uses two separate 
gas circuits: the pneumatic driving gas and the pa- 
tient—bellows breathing circuit. A leak in the bellows con- 
verts the two separate gas systems into a single system. 
although the patient suffered no ill effects, the potential 
consequences might be dilution of anesthetic gas and a light 
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or awake patient, pulmonary barotrauma (a maximum in- 
spiratory pressure of 65 cm HO can be achieved with the 
Ohio 7000 ventilator), and impedance to exhalation (PEEP) 
if pressure in the housing surrounding the bellows increases 
above atmospheric pressure. Preoperative testing of the 
ventilator system required obtaining additional diagrams 
and information from the Ohio company. There is no spe- 
cific bellows leak test, although two functional ventilator 
preoperative tests cannot be performed if there is a signif- 
icant leak in the bellows. The bellows material test checks 
the bellows compliance and involves inflation of the bellows 
to 100 ml in a closed system. The test should result in a 
pressure less than 1.75 cm H:O when the needle valve is 
closed. The pop-off valve test requires an O; flow of 300 
ml/min in a closed circle. The bellows should rise to the top 
of the bellows housing, and the pressure gauge should 
indicate less than 2.5 cm H,0. 

This case illlustrates improper, though adequate, func- 
tion of the Ohio 7000 ventilator despite a leak in the bellows. 
Bellows leaks can create an unsafe situation; the manufac- 
turer's manuals are inadequate. Some of the potential com- 


. plications can occur with one breath, and therefore, pre- 


operative testing of the bellows tightness is recommended. 


Charles H. Ripp, MD 


James W. Chapin, MD 
Department of Anesthesiology 
University of Nebraska Medical Center 
42nd & Dewey Avenue 

Omaha, NE 68105 
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Ordering Priorities: Improved 
Anesthesia or Surgery—the Case 
of Cordotomy 


To the Editor: 


Dautenhahn et al. (1) present an interesting and viable an- 
esthetic technique for open cordotomy. However, it should 
be recognized by anesthesiologists that this is an obsolete 
surgical procedure that has been replaced by cervical per- 
cutaneous radiofrequency spinothalamic tractotomy (2,3). 
The latter is more predictable, safer, and needs only 
neuroleptanalgesia. 


Perry G. Fine, MD 

Irene Eleanor Smythe Pain Clinic 

Department of Anesthesia, University of Toronto 
Bell Wing 3-640 

Toronto General Hospital 

Toronto, Ontario, M5G IL7 

Canada 
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Myoclonus on Recovery 
from Etomidate 


To the Editor: 


I read with interest the report of Drs. Laughlin and Newberg 
(Anesth Analg 1985;64:80-2) of prolonged myoclonus after 
etomidate anesthesia. I often have used etomidate to induce 
brief general anesthesia for electrical cardioversion, hoping 
to take advantage of its reported hemodynamic benignity. 
While content with its cardiovascular effects, I have been 
struck by the nearly uniform occurrence of marked my- 
oclonus on recovery lasting approximately 3-5 min. Al- 
though causing no apparent hazard, this myoclonus occa- 
sionally has perturbed cardiologists. It also renders 
electrocardiographic interpretation quite difficult for a brief 
but important period. The newly budding concern over 
etomidate’s impairment of adrenocortical competence may 
also weigh in one’s decision to use this drug, even for brief 
procedures, in the same very ill patients who could most 
benefit from the hemodynamic stability it may offer. 


Indianapolis, IN 46223 


Cost of Muscle Relaxant Drugs 


To the Editor: 


With the current concern for the rising costs of health care, 
we may have to analyze more closely the cost of the drugs 
that we employ in our daily practice. For example, how cost 
effective are the two new relaxants introduced in the last 
year when compared to other relaxants? To answer this we 
calculated the cost of muscle relaxants more commonly ad- 
ministered when used under three different situations for 
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Figure 1. The cost in US dollars are shown for the various muscle 
relaxant drugs when administered for tracheal intubation only (white 
column), for relaxation for 1 hr period after intubation with suc- 
cinylcholine (black column), and tracheal intubation and relaxation 
for 1 hr with the same drug (shaded column). 


different purposes: the dose required for tracheal intuba- 
tion, the amount needed to obtain adequate relaxation for 
one hr after intubation with succinylcholine, and the amount 
needed for intubation and relaxation for one hr with the 
same drug. The costs are shown in Figure 1. Costs for each 
drug in the form available, as well as the estimated dosages 
for the different purposes are depicted in Table 1. 
Without questioning the important advantages the new 
muscle relaxants have brought about in cases when cardio- 
vascular stability is highly desirable (1), and when the usual 
organ systems for metabolic pathways are impeded (2), use 


Table 1. Comparative Doses for Various Muscle Relaxant Drugs 


Approximate total doses 


Intubation 
ree Duration of for 1 hour procedure 
Muscle relaxant drug 70 kg pt (mg) relaxation (min) With succx (mg) Without succx (mg) 
Succinylcholine (200 mg = $0.45) 100 3-5 250-350 NA 
d-Tubocurarine (30 mg = $3.25) 36 35 27 45 
Gallamine (200 mg = $4.29) 180 27 ` 180 240 
Pancuronium (5 mg = $4.32) 6 40—45 4 8 
Metocurine (40 mg = $10.02) 18 35 24 © 32 
Atracurium (50 mg = $15. 67) 35 30 40 50 
Vecuronium (10 mg = $10.20) 5.6 28 8 10 


Suecx, succinylcholine. 
( ) usual presentation forms value in U.S. dollars. 


of these two new drugs in the healthy patient. adds unne- 
cessarily to the cost of anesthetic care as a whole, without 
obvious justifiable improvement. 


_ J. Antonio Aldrete, MD, MS 

Peter L. Hendricks, MD 

Department of Anesthesiology 

The Untversity of Alabama at Birmingham 
Birmingham, AL 35233 
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Anaphylactoid Reaction 
to Pancuronium 


To the Editor: 


We were most interested in the . case of anaphylactoid re- 
action to paricuronium reported by S. Mishima and T. Ya- 
mamura (Anesth Analg 1984;63:865-6). However, we do 
not agree with their conclusion that a nonspecific histamine 
release was involved rather than anaphylaxis.. First, pan- 
curonium is a poor histamine releaser, much worse than 
d-tubocurarine and succinylcholine, both of which were well 
tolerated by the ‘patient. The skin test with succinylcholine 
was also negative. Our current practice of skin testing with 
muscle relaxants leads us to assume that pancuronium, when 
diluted 1/1000, never gives a positive skin test that could 
be related to nonspecific histamine release. Besides hista- 
mine release leads to an immediate wheal and flare reaction 
that disappears in less than 30 min. The delayed reaction 
that is quoted in this case might be due to inflammatory 
chemical mediators of anaphylaxis, such as IF-A, LTB,, and 
NCF-A. 


LETTERS TO THE EDITOR 


On the other hand, crossed anaphylaxis between muscle 
relaxants is a frequent phenomenon (1-3). In this case, 
d-tubocurarine might have sensitized the patient, and spe- 
cific IgE antibodies against d-tubocuraine might have re- 
acted with pancuronium. This possibility could be explored 
by Prausnitz—Kustner tests or radioimmunoassay (1,4,5). 
This case might be one of crossed anaphylaxis between. d- 
tubocurarine and pancuronium without the involvement of 
succinylcholine. In fact, the extent of crossed anaphylaxis 
involving one or more muscle relaxants depends on the 
patient (1). According to Baldo, the antigenic determinants 
are quaternary ammonium ions (1). It may be noted that d- 
tubocurarine and pancuronium have two quaternary am- 
monium ions situated far apart; they are close together in 
the succinylcholine molecule. This possibly could explain 
why specific IgE antibodies to d-tubocurarire can react with 
pancuronium and not with succinylcholine. 

In conclusion, our feeling is that neither pancuronium 
nor d-tubocurarine should be used for this patient in the 
future. 


D. A. Moneret-Vautrin 
Médicine “D” —Immuno-Allergologie 
C.H.U. de Nancy-Brabois 

54511 Vandoeuvre—lés—Nancy Cedex 
France 


M. C. Laxenaire i 

Départment d'Anesthésiologie Hôpital Central 
29 avenue du Maréchal De-Lattre-De Tassigny 
C.O. No.34-54037 Nancy Cedex 

France 
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Introducing the Servo Anesthesia System 
_The advanced anesthesia system 
for pediatric and adult patients. 


| Now there's one highly versatile anesthesia system 

| designed for routine and critical care cases involving 
| pediatric as well as adult patients. It’s the new Servo 
Anesthesia System from Siemens. Compact and 

| modular in design, the system is human-engineered 

į for ease of operation and highly accurate 

= control...plus maximum safety. 


New versatility and nina in the OR 
The system utilizes our Servo Ventilator, offering the 
most advanced technology available for both 
volume-controlled and pressure-supported 
anesthesia applications. A new ventilation mode, 
pressure support, enables patients to breathe 
spontaneously with the assistance of a pre- 
determined pressure. The system continuously 
monitors all important functions and provides 
instantaneous readings and audible/visual alarms. 


Advanced monitoring interface 

The Servo Anesthesia System interfaces with a 
broad range of exclusive, innovative monitoring 

į systems, including the CO2 Analyzer 930, the Lung 
Mechanics Calculator 940 and the Sirecust 404. 


New ease of maintenance 
You're assured of quality performance with a 
minimum of maintenance. The system requires only 
minimal servicing; the costs are extraordinarily low. 
And best of all, most maintenance is easily per- 
s formed right on site by members of your own staff. 
No costly off-site service! 
And you're further assured of immediate 


professional assistance, if necessary, from your 
Siemens sales and service representatives. It’s all 












i) 
AUC 


ES J part of the Siemens commitment to superior / 
a anA products and systems for healthcare a 
ee professionals and their patients. Ps : 


For further information, contact PA 
Siemens-Elema Ventilator Systems, 7 
2360 No. Palmer Dr., Schaumburg, 
Illinois 60195— (312) 397-5975, or 

| call toll-free 1-800-323-1281. 
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Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 
had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique ‘‘hills 
and valleys’’ construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillaw 
Anesthesia Pillow 


Add 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, “‘sniffing”’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPiilow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and heips take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . .and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPiHiow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 











UNIQUE METABOLISM 
PROVIDES BETTER PREDICTABILITY, 





ALLOWING BETTER CONTROL 
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O Tracrium’ Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


Œ Hofmann elimination—a nonenzymatic process that 
occurs at physiologic temperature and pH 


2) Ester hydrolysis—catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required 


These attributes make Tracrium a more flexible sur- 


gical muscle relaxant—it may be tailored to a wide 
variety of surgical cases. 


“Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion.”? 


“At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH." 


Convenient and Ready to Use 
Tracrium is easily administered —requires 
no premixing. 





Few Cardiovascular Effects 
at Recommended Dosages 


O Tracrium* (atracurium besylate) produces virtually 
no Clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 


Cardiovascular of atracurium‘ 


Dosage Mean Blood Pressure (% control) 
(mg/kg) Values + SD 
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Adapted from Basta et al.3 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


C Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


O Once recovery begins, it is relatively rapid and 
independent of dose 


O This means that you do not have to calculate pro- 
gressively smaller doses for repeat administration, and 
-that recovery is more consistent and predictable 


“One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 25%-75% recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative... .”7 


Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 
within the clinical dosage range (at EDgs) for curare, 
at the upper limits of the clinical dosage range 


at 2 x EDgs) for metocurine and outside the clinical 


dosage range (at 3 x EDgs) for atracurium4 


CO The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 
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besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 1982;57:A261. 
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Five reasons the new 


Capnogard’ ETCO, monitor 
belongs in the OR. 


Sophisticated performance. 


The Capnogard 1250 has all you'd 
expect from a top-of-the-line end tidal 
monitor. And more. 

Reliably accurate ETCO,, min. CO,, 
N,O, and respiratory rate displays. 
Detection and alert of apnea, sample 
occlusion, and high or low ETCO, or 
respiratory rate. Plus a long list of 
other performance and convenience 
features. 


Complex electronics make it simple. 


Capnogard’s innovative microprocessor 
control system minimizes operator 
in-service requirements and ensures 
reliable, trouble-free operation in 

the OR. The Capnogard is up and 
monitoring in less than two minutes. 
And its self-checking circuitry keeps it 
that way. Better than just “user 
friendly,” the Capnogard 1250 comes 
as close to “turn it on and forget it” 
as you ll find in a sophisticated, multi- 
function monitor. 


New approaches to traditional 
ETCO, measurement problems. 


Calibration and condensation problems 
have plagued even the best available 
end tidal monitors. Until now. 

Sure, Capnogard is easy to calibrate. 
But, even better, it has an auto-zeroing 
system with electronics so stable that 
gas recalibration is required only twice 
a year. That’s right. The Capnogard 
gives you six months of accurate 
monitoring between calibrations. 


ee ea a 


And instead of wasting time trying to 
improve the conventional water trap 
used on other end tidal monitors, 
Capnogard’s designers came up with a 
dehumidification interface kit with a 
built-in particulate filter and a semi- 
permeable tube drying system. Then 
they added front-panel accessibility to 
the sample chamber so that it could be 
cleared in less than a minute right in 
the OR. 


Unmatched cost effectiveness. 


The Capnogard 1250 is the result of 
Novametrix’ efforts to develop a su- 
perbly performing end tidal monitor 
for the OR with the lowest possible 
price. You can pay more—even a lot 
more—for an end tidal unit. But you 
probably don’t need more. And while 
it's possible to pay a little less for a 
budget ETCO, analyzer, you'll end up 
with a lot less performance. 


It’s from Novametrix. 


Critical patient monitoring is Nova- 
metrix’ only business. And we’re proud 
of our reputation for innovation, reli- 













ability, top-notch representatives, and 
fast, professional service. When the 
name on the faceplate is Novametrix, 
you've made an equipment choice you 
won't regret. 


Get the facts. 


There are more reasons the Capnogard 
1250 belongs in your OR. Let us fill 
you in. Write, call our toll-free number, 
or circle the reply card number for a 
copy of our comprehensive brochure. 
Novametrix Medical Systems, Inc., 

1 Barnes Industrial Park Road, 

P.O. Box 690, Wallingford, CT 06492, 
(800) 243-3444. 
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Available at $3.00 per issue 








Vol. Year Numbers Available Vol. Year Numbers Available 
33 1954 - 2 3 5 6 41 1962 - 2 3 ~ 5 6 
34 1955 1 2 3 5 6 42 1963 - ~ 3 4 5 6 
35 1956 1 2 3 = 5 6 43 1964 1 ~ 3 = 5 6 
36 1957 ~ ~ - ~ ~ 6 44 1965 1 2 3 4 5 6 
37 1958 1 2 3 4 5 6 45 1966 ~ 2 ~ 4 5 6 
38 1959 - 2 3 4 - 6 46 1967 - 2 3 4 - 6 
39 1960 -~ ~ 3 4 5 6 47 1968 - -= 3 4 5 6 
40 1961 ~ ~ - 4 5 6 48 1969 1 2 3 ~- 5 - 
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as i = f . S 54 1975 - 2 3 = = 6 
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56 1977 1 2 3 4 5 6 
52 1973 1 2 3 4 5 6 57 1978 , 5 3 a 5 6 
53 1974 ~ 2 3 4 "e 5 


Available at $5.50 per Issue 











Vol. Year Numbers Available 
58 1979 1 2 3 4 5 6 (only six issues published) 
59 1980 - ~ 3 4 5 6 - 8 9 10 11 12 
60 1981 1 2 3 4 5 6 ~- ~ 9 10 11 12 
61 1982 1 2 3 4 5 6 ~ ~ 9 10 11 12 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 


OTHER PUBLICATIONS AVAILABLE: 
“Basic and Clinical Physiology of the Liver’ (Supplement to Sept.~Oct. 1965 issue)—$3.00. 
Ten-Year (1960-1969) Cumulative Index—-$3.00. 
Ten-Year (1970-1979) Cumulative Index--$3.00. 
1982 (56th Congress) Review Course Lectures-—-$5.00. 
1983 (57th Congress) Review Course Lectures—$5.00. 
1984 (58th Congress) Review Course Lectures--$6.00. 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 


Q Check for $s enclosed. 


{] Please send bill with understanding that ordered material will be sent when payment is received. 


Name isn tt a di eA a S a ae ha nl Nate ts ace a eae ey eee 
Address. oth te tae a a, ce at aie oh i Sheets er E 


Cy UC NO Ss re ee 


Requests for single issues beginning with Vol. 62 should be sent to Elsevier Science Publishing Co, Inc., 52 Vanderbilt Avenue, New York, NY 10017. 
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POST-GRADUATE 


ANESTHESIOLOGY 
COMPREHENSIVE REVIEWS V & VI 


A Unique Approach to Mastery through the Case Discussion Method 


MEDICAL SCHOOL 


Due to the increasing popularity of this review course we have 
scheduled this intensive 5-day program to be repeated twice in 1986. 


MARCH 3-7, 1986 SEPTEMBER 8-12, 1986 
Monday-Friday & Monday-Friday 





These programs will examine in depth the current clinical 
practice of Anesthesiology with emphasis on recent 
advances. The entire field of anesthesiology will be covered 
to provide a comprehensive review to anesthesiologists 
who wish to refresh their present state of knowledge and 
clinical practice. 


TOPICS COVERED 


Preoperative Evaluation ¢ The Postoperative Period @ The 
Respiratory System © Pediatrics ¢ The Cardiovascular System 
e Obstetrics © Neuromuscular Relaxants ¢ Sepsis & Shock 

e Neuro Anesthesia è Aortic and Carotid Surgery @ Thoracic 
Surgery @ Anesthesia Equipment è Evoked Potentials 

e Hyperthermia ¢ Local Anesthetics and Regional Anesthesia 
è Current Concepts in Pain Management Techniques 

FEE: $550 ACCREDITATION: 40 Category | credit hours—AMA 


ANNOUNCING: 
#101 Critical Care for the Anesthesiologist 
A Specialty Review Course, Coming Spring 1986 


Preregistration and Information Form 
#100 Anesthesiology Comprehensive Reviews V and VI 


Please register/send me information for the March L] September course L] 
Please send me information on the Critical Care for the Anesthesiologist Course L 


Name serve amam atte LAY OTL ) 
Address 


ADUN ENCIOSCG $0 
Return to: NYU Post-Graduate Medical School ¢ 550 First Avenue ¢ NY, NY 10016 © (212) 340-5295/24 hour telephone 


AA 9/85 










ANESTHESIA 
STAFFING 
CRISIS 


CALL 1-800 FAST GAS (327-8427) 
24 HOUR HOT LINE 





WEST VIRGINIA UNIVERSITY 







Seeking neuroanesthesiologist, pediatric anes- 
thesiologist, and obstetrical anesthesiologist. Ac- 
ademic rank commensurate with credentials. 
Competitive salary. Applicants must have four 
postdoctoral years of training, including Clinical 
Base, Clinical Anesthesia and a Specialized 
Year. Applicants must have interest in clinical 
and didactic teaching of residents and medical 
students. New Hospital under construction. Mor- 
gantown is an excellent outdoor recreational 
community. West Virginia University is an Affir- 
mative Action/Equal Opportunity Employer. 
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ASSOCIATES: INS 


THE NATION'S LARGEST PROVIDER OF 
PROFESSIONAL ANESTHESIA PERSONNEL 






Please reply with resume to: 








ANESTHESIOLOGISTS « CERTIFIED REGISTERED NURSE 
ANESTHETISTS èe EMERGENCY AND SCHEDULED RELIEF e LOCUM 
TENENS *¢ CONTRACT MANAGEMENT ¢ PERMANENT RECRUITING e 


Richard W. Eller, M.D., Chairman 
Department of Anesthesiology 
WVU Medical Center 
Morgantown, WV 26506 






Worldwide Anesthesia Associates, Inc. 





P.O. Box 1547 @ UKIAH, CALIFORNIA 95482 è U.S.A. 





For more information 
on the ABM Users Special Event, call 
Puritan-Bennett Corporation (913)601-0444. 








Classified Advertising 





PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 








EAST CENTRAL ILLINOIS 

Progressive 210 bed hospital seeking boarded 
Anesthesiologists, Attractive college town. 
Average 400 surgeries monthly. Send CV 
to Bill Rauwolf, SBLHC, Box 372, Mattoon, 
IL 61938. 








FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists—-CRNAs/Home based 
throughout US. If you need an anesthetist 
call 800-521-6750, ALL-STATES MEDICAL 
PLACEMENT AGENCY, Box 91, LaSalle, 
MI 48145 or 313-241-1418 (MI). 








TRANS-AMERICAN ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303/ 
598-2788 (CO). 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 








THE ELLIS FISCHEL STATE CANCER 
CENTER 

is searching for a Director of Anesthesiol- 
ogy. The director would be expected to 
provide general and regional anesthesia 
for all types of cancer surgery. Teaching 
opportunities are available. Salary is com- 
petitive. Contact William G. Kraybill, MD, 
Chairman of Search Committee for Anes- 
thesiology, Ellis Fischel State Cancer Cen- 
ter, Columbia, MO 65201, or phone 314- 
875-2214. An equal opportunity employer. 





ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 








ANESTHESIOLOGIST 

Full-time faculty position at Associate/Full 
Professor level in young department with 
emphasis on teaching and research. Com- 
plete clinical services in one hospital. Pre- 
requisites include: board certified; meet 
California license requirements; clinical 
expertise in neuro, pain and/or pediatrics; 
demonstrated ability as a research scientist 
and ability to write scholarly articles. Send 


curriculum vitae, bibliography and names __ 
of three references to John H. Eisele, Jr... AS 
MD, Anesthesiology Department, Univer- + 


TUTORING FOR WRITTEN AND ORAL 


- BOARD EXAMS 


Individual or small group sessions given in 


- New York City, San Francisco, and TAWAN. 


Basic science emphasis. Call 415-321-1117, 
or reply to Box 1116, Menlo Park, CA 94026. 








CHAIRPERSON—DEPAR TMENT OF 







ity of Nebraska College of Med- 






sity of California, Davis, Medical Center, DEE: F i ag an active search for a 
2315 Stockton Bivd., Sacramento, CA 95817. ‘Chai o, Pe aa 
Position open until filled, but not later than 47 

September 30, 1985. We are an equal op- ~> 


portunity/affirmative action employer. 








LOUISIANA—BOARD CERTIFIED 
ANESTHESIOLOGISTS 


Louisiana State University School of Med- | 


icine in Shreveport has immediate openings 
for faculty personnel in the Department of 
Anesthesiology. Academic rank commen- 
surate with education and experience. Ex- 
cellent financial and fringe benefits offered 


at all ranks. Shreveport, with a metropoli- 


tan area population of 350,000, has a pro- 


gressive, growing and expanding medical, 


school with an extremely challenging high- 


Norman H. Blass, Mp, Professor and Chair- 
man, Department of Anesthesiology, Lou- 
isiana State University School of Medicine, 
1501 Kings Highway, Shreveport, LA 71130- 
3932. An affirmative action/equal opportu- 
nity employer. 








LOYOLA UNIVERSITY STRITCH SCHOOL OF 
MEDICINE, 

Maywood, Illinois, located 10 miles from 
downtown Chicago in the western suburbs. 

The Department of Anesthesiology is seek- 


ing two faculty at the level of assistant or © 


associate professor, depending on experi- 
ence and academic achievement. Candi- 
dates must be board certified with clinical 


and academic experience and interest in, nfe" im 
teaching. One position is for a cardiovas- 


cular anesthesiologist with experience in in- 
vasive monitoring. The second position is 
for a pediatric anesthesiologist with either 


board certification in pediatrics or fellow- - 
ship, and at least 1-2 years of experience in: 
pediatric anesthesia. Faculty rank, salary, . 
and benefits are commensurate with ex- f i 
perience. Send curriculum vitae to Tiki ok 
Rao, Mb, Chairman, Department of Anes- °° 


thesiology, Loyola University, 2160 S. First 
Avenue, Maywood, IL 60153. 















; EEA E in ed- 
u ation: ntérested-applicants should sub- 
mit a. curriculum vitae by October 15, 1985, 
to. Leon F. Davis, pps, MD, Office of the 
Dean, University ,of Nebraska College of 
Medicine: : 2nd Sreet and Dewey Avenue, 








“Omaha, “Nebraska. 68105. The University of 





Nebraska .is an affirmative action/equal op- 
portunity Ampy 


ta ge TE 





| “TEXAS ANESTHESIOLOGIST 





“of Cardiac. Anesthesiology pro- 


gramat The University of Texas Health 
risk patient population. An active trans- a 
plant service is also in operation. Please send à 
curriculum vitae and immediate reply to 


ènter at San Antonio. Established 
aftesthesiologist required. Please 


; HE, 
send inquiries and curriculum vitae to R. 
' Brian Smith, mp, Professor and Chairman, 


Department of Anesthesiology, The Uni- 
versity of Texas Health Science Center, 7703 
Floyd Curl Dr., San Antonio, TX 78284. Equal 


opportunity employer. 





















fag CLASSIFIED ADS 





| ee jesin and’ Analgesia makes available clas- 
°° sified adv ertising space for those interested in 
ps gee obtaining. positions, or wishing to announce 
; s stgraduate courses, orotherevents. 
e (minimum \%4 page) is also avail- 
gh Pharrhac eutical Media, Inc. Rates 
ed ‘advertising: $.90 per word, min- 
t box number ads $1.00 per 
vy: ‘deadline 7 weeks prior to publi- 
cation, a Oe, , for the March issue, copy should 
be received by the ist of January. Full payment 
_ or institutional purchase order must accom: 
= pany the cdpy for each ad. Ads received with- 
24 gut accheck òr purchase order will be returned. 
Ad copy, subject to acceptance by publisher, 
oie ‘should: be. 














a mailed te: 
Anesthesia and Analge sia 











nee. è Publishing Co, Ine, 

È aderbilt' Avenue; New York, NY 10017, 
“Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 


ANESTHESIOLOGIST 

To join a group of anesthesiologists and 
anesthetists in a college town in the North- 
east. One and one-half hours from a large 
city. No open heart or neurosurgery. Nearby 
skiing, hunting, and fishing. Immediate 
opening, but will wait for suitable candi- 
date. Send CV and references to Box F20, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








NEW ENGLAND SEA COAST 

Group of anesthesiologists in medium-sized 
community hospital seek partner. Must be 
B/C (or B/E with fellowship). All surgeries 
except cardiac. Sea coast area of New Eng- 
land; easy access to recreational and cultural 


activities. Reply with CV to Box G16, % 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








CENTRAL MARYLAND 

Opportunity for BC/BE Anesthesiologist. 
Good location. Minimum call. Send CV to 
Box F21, % Anesthesia and Analgesia, Desk 
Editorial, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 








ANESTHESIOLOGIST NEEDED 

BE/BC. Young staff, progressive hospital on 
beautiful shores of Western Michigan. All 
types of surgery except open-heart, no OB. 
Experience in pain management required. 
Salary negotiable. Send CV to M.J. Kilbride, 
bo, Muskegon General Hospital, 1700 Oak 
Avenue, Muskegon, MI 49442. 





e a rra r a a r e n 


UTAH 

The University of Utah seeks an anesthe- 
siologist who is board certified in anesthe- 
siology, preferably with a PhD in physiol- 
ogy or pharmacology for a position at the 
level of Assistant Professor. Candidates 
should be qualified in clinical care, have 
previous teaching experience, and be ca- 
pable of independent basic science re- 
search. Send curriculum vitae to K.C. Wong, 
MD, Chairman, Department of Anesthe- 
siology, University of Liah, College of 
Medicine, 50 North Medical Drive, Salt Lake 
City, Utah 84132. Equal opportunity/affirm- 
ative action employer., 








IV INFUSION 
THEM. 

Trim chart provides preparation and drip 
rates for 15 vasoactive and anesthetic drugs 
in durable pocket-size format. Send $3.50 
and self-addressed stamped envelope to 
Heartcard Products, 10849 Deborah Drive, 
Potomac, MD 20854. 


DOSES WHEN YOU NEED 








THE UNIVERSITY OF COLORADO HEALTH 
SCIENCES CENTER 

is seeking qualified candidates for the po- 
sition of CHAIRMAN, Department of 
Anesthesiology. Please submit nominations 
or applications with vitae by October 15 to 
Dr. T.N. Evans, University of Colorado 
Health Sciences Center, 4200 East Ninth 
Avenue, PO Box B198, Denver, CO 80262. 
The University of Colorado is an equal op- 
portunity/affirmative action employer. 








UTAH 

The University of Utah seeks an anesthe- 
siologist who is board certified/eligible in 
anesthesiology and who has completed a 
formal fellowship in pain. Opportunity to 
do clinical anesthesia, pain management, 
and research. Competitive academic salar- 
ies at the Instructor level. Send curriculum 
vitae to K.C. Wong, MD, Chairman, De- 
partment of Anesthesiology, University of 
Utah, College of Medicine, 50 North Med- 
ical Drive, Salt Lake City, UT 84132. Equal 
opportunity/affirmative action employer. 





Lee nnman 


POSITION NOW AVAILABLE 

for board certified/eligible anesthesiologist 
to join three-member incorporated group 
with CRNAs in a very progressive com- 
munity hospital. All types of procedures 
except open heart. Send CV to Box F23, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 








ANESTHESIOLOGIST 

Board certified anesthesiologist, 3-5 years 
experience for busy mid-west practice in 700- 
bed hospital. Send CV to Box H19, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 





Leeanna emain 


WORLDWIDE ANESTHESIA 

is an exciting organization of anesthesiol- 
ogists and CRNAs who specialize in relief 
services and provide qualified candidates 
for permanent positions throughout the US. 
To be included in our computerized data 
base or to recruit from the nation’s largest 
resources of anesthesia personnel, call or 
write Worldwide Anesthesia, Box 1547, 
Ukiah, CA 95482. Nationwide 1-800-327- 
8427, “Over a decade of placement 
experience.” 





MISSOURI 

200-bed university pediatric hospital; 200 CV 
anesthetics/yr. 5500 anesthetics/yr. Full-time 
university faculty position includes mal- 
practice, life, disability, and health insur- 
ance and retirement fringe benefits. Mini- 
mum: one year fellowship in pediatric 
anesthesia. Send CV to John F. Schweiss, 
MD, Professor and Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 1325 South Grand Bou- 
levard, St. Louis, MO 63104. 








ANESTHESIOLOGIST 

to join a group of anesthesiologists and 
anesthetists in a college town in the North- 
east. One and one-half hours from a large 
city. No open heart or neurosurgery. Nearby 
skiing, hunting, and fishing. Immediate 
opening, but will wait for suitable candi- 
date. Send CV and references to Box F20, 
“% Anesthesia and Analgesia, Desk Editorial, 
52 Vanderbilt Avenue, New York, NY 10017. 








OKLAHOMA: ANESTHESIOLOGIST 

DO, BE/BC. To join group of 2, pO anes- 
thesiologists, no CRNAs, in challenging 
practice encompassing all types of anes- 
thesia except open hea:t. Reply to Box F22, 
“e Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 
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10th 
CARIBBEAN 
SYMPOSIUM 
IN ANESTHESIOLOGY 
AND RELATED FIELDS 


DECEMBER 4-8, 1985 
CARIBE HILTON HOTEL 





F aP 


CARDIAC ANAESTHESIOLOGISTS 


Applications are invited from suitably qualified anaes- 
thesiologists to fill the posts of Consultants, Senior 
Registrars, and Registrars in the Cardiac Surgery Unit 
projected to open in June 1986, at King Khalid Uni- 
versity Hospital. 


Applicants should have American Board with two 
years experience in Cardiac Anaesthesia or other equi- 
valent qualification. 


SAN JUAN, PUERTO RICO 


“THE SUBSPECIALTIES OF 
ANESTHESIOLOGY” 


For information write: 


Very attractive and negotiable salaries. 


Application letter with comprehensive curriculum 
vitae and addresses of three references should be sent 
to: 


Miguel Colén-Morales, M.D. 
G.P.O. Box 4547 
San Juan, Puerto Rico 00936 


The Dean, College of Medicine (809) 758-9200 
King Saud University | 
P.O. Box 2925 


Riyadh 11461, Saudi Arabia 








The Department of Anesthesiology 
and The Page and William Black 
Post-Graduate School of Medicine 
of the Mount Sinai School of Medicine (CUNY) 


announce 
The 23rd Bernard H. Eliasberg Memorial Symposium 


CARDIOVASCULAR PHARMACOLOGY 
Saturday and Sunday, November 23 and 24, 1985 
Mount Sinai Medical Center, New York, New York 


Guest Faculty: E. |. Eger Il, M.D., Elizabeth A. M. Frost, M.D., Carl E. Rosow, M.D., Ph.D., Peter 
Rothstein, M.D., Edmund H. Sonnenblick, M.D., Harry Wollman, M.D.; Mount Sinai School of Medicine 
Faculty: James B. Eisenkraft, M.D., Berry |. Feinberg, M.D., Randall B. Griepp, M.D.. Joel A. Kapian, 
M.D., Joel Kupersmith, M.D., Kenneth LaMantia, M.D., John Manos, M.D., Raymond Miller, M.D., K. P. 
Rentrop, M.D., George Silvay, M.D., Ph.D., Daniel Thys, M.D. 


The Page and William Black Post-Graduate Schoo! of Medicine of the Mount Sinai School of Medicine 
(CUNY) designates this continuing medical education activity for 11 hours in Category | of the 
Physician's Recognition Award of the American Medical Association. 


For further details contact: 


George Silvay, M.D., Ph.D., Department of Anesthesiology 
Mount Sinai Medical Center, One Gustave L. Levy Place, 
New York, New York 10029 
(212) 650-5954 


The pioneers of neurological surgery were more than ordi- 
nary. men and women: they were risk-takers of great deter- 


Their successes and failures constitute the history of neu- 
Posen TET 


po 


lies ; of the extraordinary men ann women wan ad- 


For Shudents of neues and neuroscience. sak neuro- 
surgeons interested in the backgrounds and characters of 
the men and women who shaped their specialty. this publica- 
tion is an excellent. informative, and unique source. 


1984 461 pages 0-444-009396 cloth $65.00 
(Dfl. 210.00 outside North America) 


| + Order from your usual supplier or In North America: 
Elsevier Science Publishing Co.. Inc.. PO. Box 1663. 
Grand Central Station. New York. NY 10163 


in the rest of the world: 


Elsevier Science Publishers. PO. Box 211, 1000 AE 
Amsterdam, The Netherlands 


Note: Price subject to change without notice. In NY State. 


E please add applicable sales tax. 
EB256 
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IARS REVIEW COURSE 
LECTURES AVAILABLE 





___ 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


___ 1983, 57th Congress—16 Review 
Course Lectures—$5.00 


___ 1982, 56th Congress—14 Review 
Course Lectures—$5.00 


To: 
International Anesthesia Research Society 


3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to IARS in the amount of 








$ is enclosed. 
(Name) 
(Mail Address) 








(City, State, Zip) 


PAVULON” 
ipancurontum bromide. injectian } 


BRIEF SUMMARY 
[Please consult package insert for full prescribing information| 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 
FAMILIAR WITH ITS ACTIONS. CHARACTERISTICS. AND HAZARDS 






ACTIONS: Pavulon is a non-depolarizing neuromuscular Diocking agent possessing all ofthe 
characteristic pharmacological actions of thts class of drugs (curariform} on the myoneural 
junction. 

Pavulon {pancuronium bromide) is antagonized by acetylcholine, anticholinesterases. and 
potassium ion. its action is increased by inhalational anesthetics such as halothane. diethyl ether 
enflurane and methoxyflurane. as well as quinine. magnesium salts. hypokalemia, some Carcin- 
omas, and certain antibiotics such as neomycin. streptomycin, clindamycin, kanamycin, gentam- 
cin and bacitracin. The action of Pavulon may be altered by dehydration. electrolyte imbalance. 
acid-base imbalance. renal disease, and concomitant administration of other neuromuscular 
agents. 


CONTRAINDICATIONS. Pavulon is contraindicated in patients known to be hypersensitive to the 
drug or to the bromide ion 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS. WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION, 
OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

in patients who are known to have myasthenia gravis small doses of Pavulon may have 
profound effects A peripheral nerve stimulator is especially valuable in assessing the effects of 
Pavulon in such patients. 


USAGE IN PREGNANCY: The sate use of pancuronium bromide has not been established with respect 
to the possible adverse effects upon fetal development. Therefore. 1t should nat be used in women 
of childbearing potential and particularly during early pregnancy unless in the judgment ot the 
physician the potential benefits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean section). but reversal of pancuromum 
may be unsatislactory in patients receiving magnesium sulfate for toxemia of pregnancy. because 
magnesium salts enhance neuromuscular blockade. Dosage should usually be reduced, as 
indicated, in such cases. 


PRECAUTIONS: Although Pavuion has been used successtully in many patents with pre-existing 
pulmonary, hepatic. or renal disease. caution should be exercised in these situations This 1s 
particularly true of renal disease since a major portion of administered Pavulon 15 excreted 
unchanged in the unne. 


ADVERSE REACTIONS: Neuromuscular. the most frequently noted adverse reactions consist pri- 
marily of an extension of the drug's pharmacalogical actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory sufficiency or apnea. Inadequate reversal ot 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavulon 
(pancuronium bromide} as with all curariform drugs. These adverse reactions are managed by 
manual or mechanical ventilation until recovery is judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light anesthesia. especially f no 
anticholinergic premedication ts used. 

Skin: An occasional transient rash is noted accompanying the use of Pavulon. 

Respiratory. One case of wheezing, responding to deepening of the inhalational anesthetic. has 
been reported. 


DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon is increased in 
patients receiving potent volatile inhalational anesthetics such as halothane. diethyl ether, 
enflurane and methoxyflurane. 

Prior administration of succinyicholine. such as that used for endotracheal intubation. 
enhances the relaxant effect of Pavulon and the duration of action. H succinyicholine is used 
betore Pavulon. the administration of Pavulon should be delayed untd the succinyicholine shows 
signs af wearing off. - 


DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the supervision of 
experienced clinicians. DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See package insert for 
suggested dosages. 
CAUTION: Federal law protubits dispensing without prescription. 
HOW SUPPLIED: 

2 mi. ampuis—2 mg./mi ~-boxes of 25, NDC =0052-0444-26 

5 mi. ampuls—2 mg /mi —boxes of 25. NDC =0052-0444-25 

10 mi. vials—1 mg/ml ~boxes of 25, NDC #0052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 


OR-5089 


Because the | 
_ longer procedure raises 


The surgical risk... 


a 








PAVULON 


pancuronium bromide injection 


Your best choice for 60-plus minutes of dependable relaxation... 
in every type of patient 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
West Orange, N.J. 07052 


Please see preceding page for brief summary of prescribing information. 


ANNOUNCING: 

The new, easily 
identifiable, economical, 
Shatter-resistant, 10 ml, — 

multiple-dose vial 


(100 mg atracurium besylate per vial). 


= f Research Triangle Park 
«/ North Carolina 27709 





ISSN 0003-2999 
Volume 64, Number 10, October 1985 


Journal of the International Anesthesia Research Society 
Oldest Publication in the Specialty—Established 1922 





In neuromuscular blockade. 


Closest to the ideal: 


% of control | 


MINUTES AFTER ADMINISTRATION 








The Effect of Non-depolarizing Muscle Relaxants 
on Histamine Levels, Mean Arterial Pressure and Heart Rate? 






Percent of Control 





Drug Dose xED,, Histamine Mean Arterial Heart 
(mg/kg) Pressure Rate 













tubocurarine 0.5 1 318 78 116 
metocurine 05 2 212 79 119 
atracurium 06 3 192 80 108 
vecuronium 01 1.7 117 100 99 
vecuronium 0.2 35 87 99 102 



















The Neuromuscular Effects of Maintenance Doses 
of Vecuronium, Atracurium and Pancuronium 87 









Pancuronium 0.02 mg/kg 


Duration (min.) 





as Atracurium 0.08 mg/kg 
ee emeenedmmanine tn IAAI ia a yatapin 
Vecuronium 0.015 mg/kg 


1 2 3 4 6 7 
Number of Doses of Muscle Relaxant 





















Free of clinically 
significant 
cardiovascular effects 


NORCURON is the only surgical 
muscle relaxant for which no clinically 
significant adverse cardiovascular 
effects have been observed in clini- 
cal trials.’ This makes NORCURON 
unique among all neuromuscular 
blocking agents in clinical use.” 


Histamine release 
unlikely to occur 


Histamine release has not been 
observed with NORCURON...as shown 
by preliminary clinical experience. In 
doses up to 3.5 times the ED... it causes 
no increase in circulating histamine 

nor does it decrease systemic blood 
pressure. 


Hypotension and tachycardia tend to occur when 
histamine levels are increased to about 200% 
of control. 


No clinically 
Significant 
cumulative 
effects seen 


With NORCURON cumulative 
effects are not seen in clinical 
practice. The interval between 
repeated doses has been found to 
remain constant between as 
many as six to ten repeated 
administrations.*’ 


NORCURON 


(vecuronium bromide for Injection) 


Outstanding 
Safety profile 


The Safety Index helps quantify the im- 
proved safety of the newer muscle relax- 
ants on a relative basis. The characteristics 
of cardiovascular effects and histamine 
release are areas where the new agents, 
particularly NORCURON, have made the 
most significant gains.® 


Safety Index and Comparative Safety Ratios® 








Safety Index = ED., autonomic inhibition 





eS SRI. I SS SR: aie eee. «Gein aati aici dgaasi diced gla a sages 


Comparative Safety Ratios 
ne oat AAs 





For Vagolytic Effects For CV/Histamine Related Effects 


gallamine hat d-tubocurarine +1 
pancuronium 3:1 metocurine 2:1 
atracurium 25-30:1 atracurium 37 
vecuronium 60:1 vecuronium * 







The Safety Index is described as the ED. 
for autonomic inhibition over the ED... for 
neuromuscular blockade.® 







“cannot be calculated since it does not cause any CV 
or histamine related effects 





A Comparison of Surgical Muscle Relaxants vs. The Ideals 
(“ +” signifies proximity to the ideal) 










Characteristic Vecuronium Atracurium Pancuronium Succinyicholine D-tubocurarine 













Onset of Action — i j = 
Histamine Release + + re pe 
Cardiovascular 

Side Effects + A : Š E 
Duration of Action + $ n 
Cumulative Effects + + = = a 
Rate of Recovery + + + e 
Reversibility = + 4 — 4 
Potency + ' } a = 
Non-depolarizing + + ; m $ 
Metabolite Activity - +* fe ee 







Currently under evaluation. 


(vecuronium bromide for injection) 
Closest to 
the ideal 


Of the newer short- to intermediate-acting drugs, 
NORCURON has the most ideal profile, 
specifically attributable to its outstanding safety 
features relating to cardiovascular side effects and 
histamine-releasing properties.‘ 





Relerences 

1. Durant NN: Norcuron® — A new non-depoilarizing neuromuscular blocking agent. Semin Anesth 
1:47-56, 1982. 2. Morris RB, Cahalan MK, Miller RD, et al: Cardiovascular effects of vecuronium (ORG 
NC45) and pancuronium in patients undergoing coronary artery bypass grafting. Anesthesiology 
58:438-440, 1983. 3. Krieg N, Crul JF, Booij LH: Relative potency of ORG NC45, pancuronium. aicuro- 
nium, and tubocurarine in anaesthetized man. Br J Anesth 52:783-787. 1980. 4. Miller RD (ed): Inno- 
vations in Surgical Muscle Relaxants. Far Hills, NJ, Gardiner-Caldwell Synermed, 1984. 5. Basta SA, 
Savarese JJ: Comparative histamine-releasing properties of vecuronium, atracurium, tubocurarine 
and metocurine, in Agoston S, et ai (eds): Clinical Experiences with Norcuron (ORG NC45, vecuro- 
nium bromide). Amsterdam, Excerpta Medica, 1983, p. 183. 6. Foides FF, et al: Muscular relaxation 
with atracurium, vecuronium and Duodor under balanced anaesthesia. Br J Anaesth 55 (suppl. 1): 
97S, 1983. 7. Fahey MR, Morris RB, Miller AD, et al: Clinical pharmacology of ORG NC45 (Norucon*): 
anew non-depolarizing muscle relaxant. Anesthesiology 55-6, 1981. B. Clinical Courier, Vol. 2. No. 4. 


July 1984 NORCURON:® (NC-45) 


vecuronium Bromide for injection 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON™® (vecuronium bromide for injection) is a nondepolarizing neuromuscular blocking 
agent of intermediate duration, chemically designated as piperidinium. 1-[(2B. 3a, Sa. 168, 1721-3. 17-bis (ace- 
tyloxy}-2-(1- mperidinyt) androstan-16-yi}-1-methyl-. bromide. The structural formula is: 


h 
te 


‘a wa 

Le ee re 
a ae 
| of i j 

Norcuron= ıs supplied as a sterile freeze-dried buffered cake of very fine microscopic crystalline particies for intra- 
venous iniection only. Following reconstitution with solvent (water for injection} the resultant sgiution is isotonic 
and has a pH of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid. dibasic 


sodium phosphate. sodium hydroxide. and/or phosphoric acid to buffer and adjust pH and mannitol to make :s0- 
tonic. 


CLINICAL PHARMACOLOGY: Norcuran® (vecuronium bromide for injection) is a nondepolarizing neuromuscular 
blocking agent possessing ail of the characteristic pharmacological actions of this class of drugs icurariform}. It 
acts by competing for cholinergic receptors at the motor end-plate. The antagonism to acetyicholine is inhibited 
and neuromuscular block is reversed by acetyicholinesterase inhibitors such as neostigmine. edrophonium, and 
pyridostigmine. Norcuron* is about 1/3 more potent than pancuronium, the duration o neuromuscular blockade 
produced by Norcuron* is shorter than that of pancuronium at initially equipotent doses The tme to onset of 
paralysis decreases and the duration of maximum effect increases with increasing Norcuron doses. The use of a 
peripheral nerve stimulator is af benetit in assessing the degree of muscular relaxation. 


The EDgs (dose ue to produce 90% suppression of the muscie twitch response with balanced anesthesia 
has averaged 0.057 mg/kg (0.049 to 0.062 mg’kg in various studies}. An initial Norcuron® dose of 0 08 to 0.1 
mg/kg generally produces first depression of twitch in appronmaey { minute. good or excelient intubation condi- 
tions within 2.5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection ia most 
patients Under balanced anesthesia, the time to recovery to 95%, of contro! (clinical duration) is approximately 25 
to 40 minutes after injection and recovery is usually 95% complete approximately 45-65 minutes after injection of 
intubating dose. The neuromuscular blocking action of Norcuron® is slightly enhanced in the presence of potent 
inhalation anesthetics. tf Norcuron® is first administered more than 5 minutes after the start of the inhalation of 
enflurane. isoflurane. or halothane. or when steady state has been achieved. the intubating dose of Norcuron® 
(vecuronium bromide for injection) may be decreased by approximately 15% (see Dosage and Administration Sec- 
tion} Prior administration of succinyichaline may enhance the neuromuscular blocking effect of Norcuron* and 
its duration of action. With succinyicholine as the intubating agent. initial doses of 0.04-0.06 mg kg of Norcuron® 
wit! produce complete neuromuscular Diock with clinical duration of action of 25-30 minutes. if succinyichotline is 
used prior to Norcuron®, the administration of Norcuron® should be delayed until the patient starts recovering 
from succinyicholine-induced neuromuscular blockade. The effect of prior use of other nondepolanzing neuro- 
muscular blocking agents on the activity of Norcuron* has not been studied (see Drug interactions). 


Repeated administration of maintenance doses of Norcuron* has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore. repeat doses can be administered at reiatively regular intervals with predict- 
abie results. After an initial dose of 0.68 to 0.10 mg’ kg under balanced anesthesia, the first maintenance dose 
(suggested maintenance dose is 0.010 to 0.015 mig’kg) is generally required within 25 to 40 minutes. subsequent 
maintenance doses, if required. may be administered at approximately 12 to 15 minute intervals Haiothane anes- 
thesia increases the clinical duration of the maintenance dose only stightly. Under enflurane a maintenance dose of 
0.010 mg/kg is approximately equal to a 0.015 mg/kg dose under balanced anesthesia 


The recovery index (time from 25% to 75% recovery) IS approximately 15-25 minutes under balanced or halothane 
anesthesia. When recovery from Norcuron® neuromuscular blocking eftect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started the neuromuscular block produced by Nor- 
curon® (vecuronium bromide for injection} is readily reversed with various anticholinesterase agents. €g. pyri- 
dostigmine, neostigmine. or edrophonium in conjunction with an anticholinergic agent such as atropine of 
gtycopyrrolate. There have been no reports of recutarization following satisfactory reversal of Norcuron* induced 
neuromuscular blockade. rapid recovery is a finding consistent with its short elimination hall-ife 


Pharmacokinetics: At clinical doses of 0.04-0.10 mg’kg. 60-80% of Norcuron® is usually bou nd to plasma pro- 
tein. The distribution half-life failowing a single intravenous dose (range 0 025-0.280 mg/kg} 's approximately 4 
minutes. Elimination half-lite over this same dosage range is approximately 65-75 minutes in healthy surgical 
patients and in renal failure patients undergoing transplant surgery. in late pregnancy, elimination hall-ife may be 
shortened to approximately 35-40 minutes. The volume of distribution at steady stale is approximately 300-400 
miskg. systemic rate of clearance 1s approximately 3-4.5 miminute’kg. in man, urine recovery of Norcuron® 
vaties from 3-35% within 24 hours. Data derived from patients requiring insertion of a T-tube in the common bile 
duct suggests that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only 
unchanged Norcuron® has been detected in human plasma following clinical use. One metabolite. 3-deacety! 
vecuronium. has been recovered in the urine of some patients in quantities that account for up to 10% of the 
injected dose: 3-deacety! vecuronium has also been recovered by T-tube in some patients accounting for up to 
25% of the inected dose. 


This metabolite has been judged by animal screening (dogs and cats} to have 50% or more of the potency of Nor- 
curon® (vecuronium bromide for injection); equipotent doses are of approximately the same duration as Nor- 
curon’ in dogs and cats. Biliary excretion accounts for about half of the dose of Norcuron® within 7 hours in the 
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from Norcuron?. Limited data 
derived from the patients with cirrhosis or cholestasis suggests that some measurements of recovery may be 
doubted in such patients. In patients with renai fadure. measurements of recovery do not differ significantly from 
similar measurements in healthy patients. 


Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron* in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg} did not produce clini- 
cally sigmticant changes in systolic. diastolic or mean arterial pressure. The heart rate, under similar moneng. 
remained unchanged in some studies and was towered by a mean of up to 8% in other studies. A large dose al 0.28 
mg/kg administered during a period of no stimulation, while patients were being prepared for coronary artery 
bypass grafting. was not associated with alterations in rate-pressure-product or pulmonary-capillary- wedge pres- 
sure. Systemic vascular resistance was lowered slightly and cardiac output was increased insignificantly. (The 
drug has not been studied in patients with hemodynamic dysfunction secondary to cardiac valvular disease. } Limi- 
ted clinical experience (3 patients) with use of Norcuron* during surgery tor pheochromocytoma has shown that 
administration of this drug is not associated with changes in blood pressure oF heart rate. 


Unlike other nondepolarizing skeletal muscle relaxants. Norcuron® (vecuronium bromide for jection} has no 
clinically significant effects on hemodynamic parameters and will not counteract those hemodynamic changes or 
known side effects produced by or associated with anesthetic agents. 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients indi- 
cate that hypersensitivity reactions such as bronchospasm. flushing. redness, hypotension. tachycardia, and 
other reactions commonly associated with histamine release are uniikely to Occur 


INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscie relaxation during surgery or mechanical ventdation 


CONTRAINDICATIONS: None known. 


WARNINGS: NORCURON®* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE ORUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION. OXYGEN THERAPY. AND REVERSAL AGENTS 
ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. in 
cout who are known to have myasthenia gravis ar the myasthenic (faton-Lambert) syndrome, small doses of 

orcuron® may have profound effects. In such patients. a peripheral nerve stimulator and use of a smali test dase 
may be of value in monitoring the response to administration of muscie relaxants. 


PRECAUTIONS: 

Renal Failure: Norcuron® (vecuronium bromide for imection) 1s well-tolerated without clinically significant pro- 
longation of neuromuscular blocking effect in patients with rena! failure who have been optimally prepared for sur- 
gery by dialysis. Under emergency conditions in anephric patients sorne prolongation of neuromuscular biockade 
may occur: therefore. if anephric patients cannot be prepared for non-elective surgery, a lower initial dose of Nor- 
curon should be considered. 


Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease. old age, oF 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time. therefore 
dosage Should not be increased. 


Hepatic Disease: Limited experience in patients with cirrhosis oF cholestasis has revealed prolonged recovery 
time in keeping with the role the liver piays in recovery trom Norcuran z metabolism and excretion (see Pharmaco- 
kinetics) Data currently available do not permit dosage recommendations in patients with impaired liver function 


UNDER THE ABOVE CONDITIONS. USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING 
Re AEA aM AYIA CPCS MRLE DOCM LINE IMANVERTENT EXCESS ANSING 


Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose dit- 
way and/or ventilatory problems requiring special care before, during and after the use of neuromuscular blocking 
agents such as Norcuron® {vecuronium bromide for injection). 


Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of bein capable of triggering a 
potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived from screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of trig- 
genng malignant hyperthermia. 


Norcuron® has no known ettect on consciousness, the pain threshold or cerebration. Administration must de 
accompanied by adequate anesthesia. 


Brug interactions: Prior administration of succinyicholine eg enhance the neuromuscular blocking effect of Nor- 
curon® and its duration of action. if succinyicholine is used before Norcuron®, the administration of Norcuron® 
shouid be delayed until the succinyicholine effect shows signs of wearing off. With succinyicholine as the intubat- 
ing agent, mitial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce complete neuromuscu- 
lar Diock with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY}. 


The use of Narcuron® (vecuronium bromide for injection) before succinyicholine, in order to attenuate some of the 
side effects of succinyicholine, has not been sufficiently studied. Other nondepolarizing neuromuscular blocking 
agents (pancuronium, d-tubocurarine, metocurine, and gallamine} act in the same fashion as does Norcuron®: 
therefore these drugs and Norcuron* may manitest an additive effect when used together. There are insufficient 
data to support concomitant use of Norcuron® and other competitive muscle relaxants in the same patient. 


inhalational Anesthetics: Use of volatile mhatational anesthetics such as enflurane, :softurane. and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and 
isoflurane, 


with the above agents the initial dose of Norcuron® may be the Same as with balanced anesthesia unless the mha- 
ational anesthetic has been administered tor a sufficient time at a sufficient dose to have reached clinical egui- 
bnum isee CLINICAL PHARMACOLOGY). 


Antibiotics: Parenteral intraperitoneal administration of high doses of certain antibiotics may intensify or produce 
a neuromuscular block on their own. The following antibiotics have been associated with various degrees of paral- 
ysis: aminoglycosides {such as neomycin. streptomycin. kanamycin, gentamicin, and dihydrostreptomycin). 
tetracyclines, bacitracin, polymyxin B; colistin. and sodium colistimethate. if these or other newly introduced anti- 
noties are used in Conjuncton with Norcuron® (vecuronium bromide for injection) during surgery, unexpected 
prolongation of neuromuscular block should be considered a passidility 


Other: Experience concerning injection of quinidine during recovery trom use of other muscle relaxants suggests 
that recurrent paralysis may occur This possibility must aiso be considered for Norcuron®. Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals 
(cat). Electrolyte imbalance and diseases which iead to electrolyte imbalance, such as adrenal cortical insuti- 
ciency. have been shown to aiter neuromuscular blockade. Depending on the nature of the imbalance. either 
enhancement or inhibition may be expected. Magnesium salts, administered for the management of toxemia of 
pregnancy. may enhance neuromuscular blockade. 


Brug: laboratory test interactions: None known. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals have not been performed to 
evaluate carcinagenic or mutagenic potential ar impairment of fertility. 


Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. itis 
aiso not known whether Norcuron® can cause fetal harm when administered to a pregnant women or can aftect 
reproduction capacity. Norcuron® should be given to a pregnant woman only if clearly needed. 


Pediatric Use: Infants under 1 year of age but older than 7 weeks. also tested under halothane anesthesia, are 
moderately mare sensitive to Norcuran® (vecuronium bromide for injection) on a mg/kg basis than adults and take 
about 112 times as long to recover. Information presently availabie does not permit recommendations for usage in 
neonates. 


ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
triais. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of 
the drug s pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from 
skeletal muscle weakness to profound and prolonged skeletal muscie paralysis resulting in respiratory insuffi- 
gency Of apnea. 


inadequate reversal of the neuromuscular biockade, althou h not yet reported. is possible with Norcuron® as with 
ali curaritorm drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is 
judged adequate. Littie or no increase in intensity of blockade or duration of action of Norcuron® is noted from the 
use of thiobarbiturates. narcotic analgesics, nitrous oxide. or droperidol. See OVERDOSAGE for discussion of 
other drugs used im anesthetic practice which also cause respiratory depression. 


OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdo- 
sage can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. Excessive 
doses of Norcuron™ (vecuronium bromide for injection} can be expected to produce enhanced pharmacological 
effects Residual neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur 
with Norcuron” as with other neuromuscular blockers. This may be manifested by skeletal muscie weakness, 
decreased respiratory reserve. low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular biockade and help to differentiate residual neuromuscular blockade from other 
causes of decreased respiratory reserve. Respiratory depression may be due either wholly or in partto other drugs 
used during the conduct of general anesthesia such as narcotics, thiobarbiturates and other central nervous Sys- 
tem depressants. Under such circumstances the primary treatment is maintenance of a patent airway and manual 
or mechanical ventilation unt complete recovery of normal respiration is assured. Regono!* feces anne 
bromide injection), neostigmine. or edraphonium, in conjunction with atropine or ee LAA will usually anta- 
gonize the skeletal muscie relaxant action of Norcuron® Satisfactory reversal can De judged aa of skeie- 
tal muscle tone and by ae af respiration. A peripheral nerve stimulator may aiso be used to monitor 
restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of extreme 
debilitation. carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents 
and other drugs which enhance neuromuscular blockade or cause respiratory depression of their own. Under such 
circumstances the management is the same as that of prolonged neuromuscular blockade. Ventilation must be 
supported by artificial means until the patient has resumed contro! of his respiration. Prior to the use of reversal 
agents, reference should be made to the specific package insert of the reversal agent. 


DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide for injection) is tor intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians familiar with the use of neuro- 
muscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to Serve as a guide only, 
especially regarding enhancement of neuromuscular biockade of Norcuron® by volatile anesthetics and by prior 
use of succinyicholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior to administration, whenever solution and container permit. 


To obtain the maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage. the moni- 
toring of muscie twitch response to peripheral nerve stimulation ts advised. 


The recommended initial dose of Norcuron® is 0.08 to 0.10 mgrkg (1 4 to 1.75 times the Egg} given as an intra- 
venous bolus injection. This dose can be expected to produce good or excellent non-emergency intubation condi- 
tions in 2.5 to 3.0 minutes after injection. Under balanced anesthesia, clinically required neuromuscular biockade 
lasts approximately 25-0 minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. in the presence of 
potent inhalation anesthetics. the neuromuscular blocking effect of Norcuron® (vecuronium bromide for injection) 
ss enhanced. if Norcuron® is first administered more than 5 minutes after the start of inhalation agent or when 
Rey state has been achieved, the initial Norcuran® dose may be reduced by approximately 15%, i.e., 0.060 to 
mg/kg. 


Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron®. If intubation is performed using succinyicholine, a reduction of initial dose of Norcuron® to 0.04-0.06 
mg:kg with inhalation anesthesia and 0 05-0.06 mg/kg with balanced anesthesia may de required. 


During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg ot Norcuron® are recom- 
mended: alter the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 
minutes. However. clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® 
tacks clinically important cumutative effects, subsequent maintenance doses. if required, may be administered at 
relatively reguiar intervals for each patient, tanging approximately from 12 to 15 minutes under balanced anesthe- 
sia, slightly longer under inhalation agents. (if iess frequent administration is desired. higher maintenance doses 
may be administered. } 


Shouid there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg: 
kg up to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ul effects to the 
ee system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACQ- 
LOGY) 


Dosage in children: Older children (10 to 17 years of age} have apron the same dosage requirements ny! 

kg} as adults and may be managed the same way. Younger children (1 to 10 years of age} may require a slightly 

higher initial dose and may aiso require supplementation slightly more often than adults. infants under one year 0! 

age but older than 7 weeks are moderately more sensitive to Norcuron® (vecuronium bromide for injection) on a 

mg:kg basis than adults and take about 11/2 times as long to recover. See aiso sub-section of PRECAUTIONS titlec 

aS a information presentiy available does not permit recommendation on usage in neonates (see PRE- 
). 


COMPATIBILITY: Norcuron® is compatidie in solution with 
0.9% NaCi solution 5% glucose in saline 
5% glucose in water Lactated Ringers 


HOW SUPPLIED:5 mi vials (contains 10 mg of active ingredient) and 5 mi amput of preservative-tree sterile wate 
for imection as the diluent. Boxes of 12. NDC 0052-0442-10 


STORAGE: PROTECT FROM LIGHT Store at 15°-30°C (59°-86°F) 


AFTER RECONSTITUTION: Solution may be stored in Sl ita or kept at room temperature not to exceed 30° 
{86°F}. DISCARD SOLUTION AFTER 24 HOURS. DISCAR UNUSED PORTION. 


SINGLE USE VIALS—Manutactured for: ORGANON INC. By BEN VENUE LABORATORIES INC., Bedford. Ohio 4414 


ORGANON PHARMACEUTICALS. a Division of 
Organon inc., West Orange, N.J. 07052 








A\REST ACSIA 


a oP 
nnd ie 
Se ie eral oa 





| 
i 
i 


Journal of the International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122 Telephones: (216) 295-1124 or 295-1130 


Editorial Board 


Editor in Chief 
Nicholas M. Greene, MD, New Haven, Connecticut 


Editors 


David R. Bevan, MA, MB, BChir, 
Montreal, Quebec, Canada 
D. Ryan Cook, MD, Pittsburgh, Pennsylvania 
Michael J. Cousins, MD, FFARACS, FFARCS, Adelaide, 
South Australia 
Benjamin G. Covino, PhD, MD, Boston, Massachusetts 
Norig Ellison, MD, Philadelphia, Pennsylvania 
Mieczyslaw Finster, MD, New York, New York 
Alison B. Froese, MD, Kingston, Ontario, Canada 
Edward D. Miller JR, MD, Charlottesville, Virginia 
Daniel M. Philbin, MD, Boston, Massachusetts 
Cedric Prys-Roberts, MA, DM, PhD, 
Bristol, United Kingdom 
]. Gerald Reves, MD, Durham, North Carolina 
lohn H. Tinker, MD, Iowa City, lowa 
K.C. Wong, MD, PhD, Salt Lake City, Utah 


Book Review Editor 
Norig Ellison, MD, Philadelphia, Pennsylvania 


Editorial correspondence and manuscripts should be addressed to: 
NICHOLAS M. GREENE, mp, Editor in Chief, Anesthesia and An- 
algesia, Yale University School of Medicine, 333 Cedar Street, New 
Haven, Connecticut 06510 (Telephone: 203-785-4703). For infor- 
mation concerning preparation of manuscripts see “A Guide for 
Authors” published quarterly in the Journal. All articles published 
in this Journal become the property of the International Anesthesia 
Research Society. Reproduction in whole or part is not permitted 
except by written consent of the publisher and the author. 


Books for review should be sent directly to the Book Review Editor, 
NORIG ELLISON, mp, Department of Anesthesia, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104. 


Reprints: For single copies, write directly to the senior author at 
the address listed on the title page. Quantity orders (minimum 100) 
processed through ELSEVIER SCIENCE PUBLISHING CO, INC, 
32 Vanderbilt Avenue, New York, NY 10017, prices on request. 


The International Anesthesia Research Society is a nonprofit, scientific, and 
educational corporation in the state of Ohio. Members of the Board of Trust- 
ees of the Society are: Douglas B. Craig, mp, Bruce F. Cullen, mp. E. Paul 
Didier, MD, Judith H. Donegan, MD, pho. Noel W. Lawson, mp, John T. Mar- 
tin, MD, Emerson A. Moffitt, mD, Dean H. Morrow, MD, Robert K. Stoelting, 
Mb, and John L. Waller, mp. Emeritus Trustees are: Paul R. Dumke, MD. 
Kenneth K. Keown, mb, Morris T. Nicholson, mp, B.B. Sankey, MD, and T. H. 
Seldon, MD. 


Anesthesia and Analgesia (ISSN 0003-2999) is issued monthly for the IARS in 
one indexed volume per year by Elsevier Science Publishing Co, Inc, 52 
Vanderbilt Avenue, New York, NY 10017. Printed in USA. © 1985 Inter- 
national Anesthesia Research Society. Second class postage paid at New 
York, NY and at additional offices. 


subscription information for 1985 applying to IARS members: USA and pos- 


sessions, $45.00 per year, in all other countries $55.00. Membership is avail- 
able to individuals with doctorate degrees in medicine. osteopathy, dentistry, 
veterinary medicine, or other disciplines who are engaged in active clinical 
practice of or research in anesthesiology. ASSOCIATE MEMBERSHIP is available 
to individuals certified, licensed, or accredited in anesthesia-related protes- 
sions (CRNA, CRTT, RRT, Physician Assistant). EDUCATIONAL MEMBERSHIP 
(half the full member price) is available to interns, residents, students in 
nurse anesthesia and related training programs, for a 2- or 3-year eae 
only upon completion of application including certification by applicant's 
program director. 


Ail membership payments and correspondence regarding LARS member sub- 
scriptions should be sent to: Emerson A. Moffitt, mp, Executive Secretary, 
International Anesthesia Research Society, 3645 Warrensville Center Road, 
Cleveland, Ohio 44122. 


Subscription information for 1985 applying to non-IARS members: Institu- 
tions, $90.00. Outside of the USA and possessions, please add $10.00 for 


surface postage and handling. For airmail, add $38.00 in USA, Canada, and 
Mexico, $22.00 for surface airlift to Europe, $34.00 for surface airlift to Japan, 
and $88.00 for airmail to the rest of the world. Postmaster: Send address 
changes to: Anesthesia and Analgesia, Elsevier Science Publishing Co, Inc, 52 
Vanderbilt Avenue, New York, NY 10017. 


Orders and inquiries regarding institutional and nonmember individual sub- 
scriptions should be directed to: Journals Fulfillment, Elsevier Science Pub- 
lishing Co, Inc, 52 Vanderbilt Avenue, New York NY 10017. Subscriptions 
are entered for the calendar year, January-December. 


Correspondence inquiries regarding IARS member subscriptions should be 
sent to the IARS at the Cleveland, Ohio address above. Correspondence 
regarding all other subscriptions should be sent to Elsevier. 


Advertising inguiries should be addressed to: Pharmaceutical Media, Inc, 
130 Madison Avenue, New York, NY 10016. The appearance of advertising 
in publications of the International Anesthesia Research Society does not 
constitute a guarantee or endorsement of the quality or value of such product 
or of the claims made for it by its manufactuer. Discussions, views, and 
recommendations as to medical procedures, choice of drugs, and drug dos- 
ages are the responsibility of the authors. Every effort has been made to 
ensure the accuracy of the information. The editor, publisher, or the Society, 
however, must disclaim any responsibility or liability. Readers are advised 
to check package insert information for each drug before administration. 


See classified ads section for submission of classified material. 


Single issues: Single copy information available from Elsevier Science Pub- 
lishing Co, Inc, upon request. Back volume (all issues prior to 1983) infor- 
mation available from IARS. 





/ANDeCSUNCSIA 
ama AMAIGeSiA 


OBITUARY 
Harold R. Griffith, MD, 1894-1985 


SCIENTIFIC ARTICLES 


Halothane and Isoflurane Do Not Decrease Pao, during 
One-Lung Ventilation in Intravenously Anesthetized 
Patients 


Comparison of the Requirements for Hepatic Injury with 
Halothane and Enflurane in Rats 


Antiarrhythmic Effect of Diltiazem During Halothane 
Anesthesia in Dogs and in Humans 


Inhibition of Postoperative Pain by Continuous Low- 
Dose Intravenous Infusion of Lidocaine 


Modulation of a GABA-Ergic Inhibitory Circuit in the In 
Vitro Hippocampus by Etomidate Isomers 


Hospitalization for Miscarriage and Delivery Outcome 
among Swedish Nurses Working in Operating Rooms 
1973-1978 


Control and Accountability of Controlled Substance 
Administration in the Operating Room 


Comparison of the Effects of General and Regional 
Anesthesia for Cesarean Section on Neonatal Neurologic 
and Adaptive Capacity Scores 


Intracranial Pressure During Diltiazem-induced 
Hypotension in Anesthetized Dogs 


Comparative Effects of Halothane, Enflurane, and 
Methoxyflurane on the Incidence of Abnormal 
Development Using Sea Urchin Gametes as an In Vitro 
Model System 


CLINICAL REPORTS 


Atracurium Pretreatment for Succinylcholine-induced 
Fasciculations and Postoperative Myalgia 


Contents 


Volume 64, Number 10, October 1985 


David R. Bevan 


Stephen N. Rogers and Jonathan L. Benumof 


Richard C. Lind, A. Jay Gandolfi, 
I. Glenn Sipes, and Burnell R. Brown 


Naofumi Iwatsuki, Masato Katoh, 
Katsuhiko Ono, and Keisuke Amaha 


Jean Cassuto, Gunnar Wallin, Seth Högström, 
Anders Faxén, and Gunnar Rimbäck 


David Ashton and Albert Wauquier 


H. Anders Ericson and A. J. Bengt Källén 


Ronald J. Moleski, Shirlene Easley, 
Paul G. Barash, Gil Primer, Nicte-ha Q. Shier, 
and Robert I, Schrier 


Therese K. Abboud, Shakuntala Nagappala, 
Kazushige Murakawa, Saul David, 

Sarkis Haroutunian, Makrouhi Zakarian, 
Thormason Yanagi, and Amir Shetkh-Ol-Eslam 


Paul Mazzoni, Joseph P. Giffin, 
James E. Cottrell, John Hartung, 
Christine Capuano, and Jeffrey M. Epstein 


Robert E. Hinkley and Brent D. Wright 


Laxmaiah Manchikanti, J. Blane Grow, 
Jerry A. Colliver, Michael G. Canella, and 
Clyde H. Hadley 


945 


946 


955 


964 


971 


975 


981 


989 


996 


1001 


1005 


1010 


CLINICAL REPORTS—continued 


Inflation Device to Prevent Aortocaval Compression 
during Pregnancy 


A Single-Unit Device for Differential Lung Ventilation 
with Only One Anesthesia Machine 


Verapamil Potentiation of Neuromuscular Blockade: 
Failure of Reversal with Neostigmine but Prompt 
Reversal with Edrophonium 


Gastric Barotrauma: A Case Report and Theoretical 
Considerations 


LETTERS TO THE EDITOR 
Subdural Migration of an Epidural Catheter 


Much Ado About Nothing: Trace Gaseous Metabolites in the 
Closed Circuit 


Surgically Induced Hypertension in Brain Dead Patients 


Movement of the Distal End of the Endotracheal Tube during 
Flexion and Extension of the Neck 


A Simple Method for Improving the Safety of Percutaneous 
Cannulation of the Internal Jugular Vein 


Thoughts on Protamine Toxicity 


Ketamine for Treatment of Priapism 


Myoclonus after Etomidate Anesthesia 


Aminophylline Antagonism of the Residual Effects of Fentanyl 


Anesthesia 
Common Sense in Statistical Analyses 
In Response 


Optimization of Oxygenation by CPAP During 
One-Lung Anesthesia Using Nitrous Oxide:Oxygen 


Precautions in Use of a New Endotracheal Tube for Laser 
Surgery 
Anesthesia-Related Transient Aphonia and Quadriplegia 


BOOK REVIEWS 


Endocrinology and the Anaesthetist. T. Oyama, ed. 
Cardiovascular Anesthesia. Carol L. Lake 
Erratum 


A Guide for Authors 


Gerhard C. Endler and Rolf W. Donath 


Takeyasu Yamamura, Hitoshi Furumido, and 
Yoshinori Saito 


Ronald M. Jones, Jeremy N. Cashman, 
William R. Casson, and Michael P. Broadbent 


Steven ]. Barker and Thomas Karagianes 


Philip R. Bromage 


R. K. Baumgarten and W. J. Reynolds 


Merlin D. Larson 


Thomas |. K. Toung, Roger Grayson, 
James Saklad, and Henry Wang 


Judith A. Fabian and Manoranjan C. Jesudian 


Stanley Brauer 


A. Villalonga, J. Beltran, C. Gomar, and 
M. A. Nalda 


Jean Lumley and M. Morgan 


Wang Ming-de and Ren Zhen-Lin 


Denis L. Bourke 

Jerry A. Colliver and Laxmaiah Manchikanti 
Anis Baraka, Musa Muallem, 

Maurice Baroody, Robert Mansour, 

Abdel Nour Sibai, Sania Hroun, and 

Firyal Yamut 

Remigio Rubiano, Juei-Ling Chang, 
Christopher E. Larson, Robert A. Lawler, and 
Paul Rehkopf 


W. Davis Parker and Kay C. Parker 


Arthur ]. Klowden 


William A. Lell and A. J. Wright 


1015 


1017 


1021 


1026 


1037 


1038 


1039 
1039 


1040 


after p. 1040 


Detection will never 
be this simple... 





But today’s continuous gas monitors 
can provide early warning of potentially 
catastrophic hypoxic episodes. 


Three means to an end. 


Transcutaneous O,. End tidal CO.. 
O, saturation. 

The continuous measurement of 
each is of proven usefulness in 
reducing the risks of anesthesia and 
improving the quality of intensive 
Care. 

Although the technologies may be 
recent, reliable monitoring systems 
are now available that make routine 
use both practical and affordable. 


“Transcutaneous O, and oxyhemo- 
globin saturation monitoring furnishes 
crucial information regarding oxygen- 
ation and oxygen delivery. These 
systems are easily applied, non- 
invasive, and reliable, and they yield 
information continuously. More impor- 
tantly, they signal an early warning of 
critical incidents.” ' 


Dispelling the 
misconceptions. 


Do the readings from these non- 
invasive monitors correlate perfectly 
with arterial samples? No. 

Does their use eliminate the need 
for drawing arterial blood gases? 
Again, no. However, their use may 
indicate when a blood gas sample is 
needed. 

But these are not arguments 
against these important new sources 
of continuous information on patient 
oxygenation and ventilation. 

Each technology has its own mer- 
its and, yes, its own limitations. Each 
requires an understanding of its 
Capabilities for proper interpretation. 
And there is more being learned 
about the importance of these tech- 
nologies every day. 


1 Weingarten, M. M.D. The Circular, February/ 
March 1984. 

2 Barker, S. M.D., Ph.D. and Tremper, K. M.D., Ph.D. 
Journal of Clinical Monitoring Vol. 1, p. 130-134, 
April 1985. 

3 Newbower, R. et al. QRB/Quality Review Bulletin, 
March 1981. 


“Prevention of hypoxia is the most 
important goal of patient monitoring 
during anesthesia. Unfortunately, 
currently monitored variables of heart 
rate, blood pressure, breath sounds, 
and skin and blood color are not 
sensitive to the levels of oxygenation 
or to trends, but detect only the 
physiological consequences of inad- 
equate oxygenation.” ? 


The emergence of 
continuous gas monitoring. 


You'll be hearing and reading a great 
deal about continuous gas monitor- 
ing in the months ahead. 

Researchers are pinpointing unde- 
tected hypoxia as both a significant 
cause of anesthesia mishap and a 
factor in prolonged patient recovery. 

Many prominent anesthesiologists 
are advising the use of continuous 
gas monitoring during an increasing 
number of procedures. 

And several leading malpractice 
insurance firms are considering the 
recommendation of continuous gas 
monitoring as a means of countering 
the increase in anesthesia claims 
and premiums. 


“After an error has occurred, a period 
of time usually elapses before the 
error is discovered. Timing of the 
discovery is important, for prompt 
discovery may allow for correction of 
the error before any adverse conse- 
quences affect the patient.” 3 


Novametrix’ role. 


Critical patient monitoring is Nova- 
metrix’ only business. And we are 
convinced of both the viability and 
desirability of continuous gas moni- 
toring and committed to its expanded 
use in the OR and ICU. 

Novametrix has long been the 
acknowledged leader in the design 
and manufacture of transcutaneous 
O,/CO, monitors, and offers a 
comprehensive line of equipment for 
both neonatal and adult use. 

Recently, we've developed and 
marketed an innovative end tidal CO, 
monitoring system for the OR and 
ICU. And soon we plan to introduce a 
new pulse oximeter. 

We feel it's time continuous gas 
monitoring reach its true potential 
through widespread adoption. 
Towards that end, we've assembled 
a collection of medical papers on 
continuous gas monitoring that we 
believe you'll find compelling. 

For your own copy of these papers 
or information on Novametrix’ full line 
of continuous gas monitors for the OR, 
call us toll-free at 1-800-243-3444. 

Or write, Novametrix Medical 
systems Inc., 1 Barnes Industrial Park 
Road, P.O. Box 690, Wallingford, 

CT 06492. 


NOVAM URAL 


See us at the ASA, Booths 1138-1141. 


INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
60th CONGRESS—March 15-19, 1986— 
Caesars Palace Hotel, Las Vegas, Nevada 


PRELIMINARY MEETING INFORMATION 


Program/Registration Mailing: The preliminary program, with daily schedule of presentations, will be sent 
out in mid-December to all [ARS members. This will include registration card, hotel card, social activities 
and spouse program. (IARS members outside of North America who plan to attend the meeting can receive 
this material by airmail upon request.) Non-I[ARS members who wish to receive meeting/membership 
information should contact the Cleveland office. 


Schedule: Registration: Saturday, March 15—1-5 PM (continues daily) 
Scientific Program: Sunday, March 16, through Wednesday, 
March 19 
Exhibits: Sunday, March 16, through Tuesday, March 18 


Program: e T.H. Seldon Distinguished Lecture—Dr. J. Alfred Lee, Essex, 
England 

26 Review Course Lectures 

Panels: Outpatient Anesthesia, Cardiovascular Anesthesia 

Over 100 Scientific Papers 

Scientific Poster Presentations 

Theme Luncheon Sessions 

Scientific Exhibits 


Technical (Commercial) Exhibits: Including a number of company sponsored Product Seminars 

Spouse Program: “Effective Tax Strategies’? Seminar; area tours and other activities 
and presentations of interest. 

Reduced Air Fare: A special discounted fare will be available through United Airlines 
for IARS registrants. 

CME Credit: AMA/ACCME Category 1 (31 hr, est.) AANA credit to be confirmed. 


SCIENTIFIC EXHIBITS: Applications for scientific exhibit space are available from the IARS office. There 
is no absolute deadline for submission of applications. However, availability of space in the exhibit area will 
be a factor in considering applications received after January 1, 1986. 


ARTS AND CRAFTS EXHIBIT: Responding to interest expressed by a number of members, the IARS will 
for the first time include an arts and crafts exhibit at the 1986 meeting. If you or your spouse would like to 
enter your personally done art or craft work, the rules and entry blanks are available from the Cleveland office. 
The deadline for entry is January 31, 1986. 


International Anesthesia Research Society Tel: (216) 295-1124 
3645 Warrensville Center Road, Cleveland, OH 44122 


( 
( 





) Please send rules and entry blank for Arts and Crafts Exhibit. 
) Please send application for Scientific Exhibit space. 





(Name) 
(Mail Address) 
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Continuous O,/CO, 
Monitoring Report #4 


Subject: Simple, low-cost pulse 
oximetry monitoring for timely 
hypoxemia detection. 


Pulse oximetry is a noninvasive tech- 
nique for assessing patient 
oxygenation. 

An oximeter determines percentage 
hemoglobin saturation by measuring 
the absorbency of two different wave- 
lengths of light passed through a 
pulsating arterial vascular bed. By 
comparing the ratios of the pulse 
amplitudes from each light, SaO, may 
be calculated under a wide range of 
hemodynamic conditions. 

The use of pulse oximetry during rou- 


Pulse Oximetry 
NOVAMETRIX 500 


Accurate and reliable, pulse oximetry represents a significant 
advance in anesthesia monitoring. In designing the Model 500 
Pulse Oximeter, Novametrix retained the accuracy and reliability 
of earlier units, but added two vital elements: ease of use and 
low cost. 

The microprocessor-controlled Novametrix 500 Pulse 
Oximeter needs no cali- 
bration or warm-up. Its i oe 


digital electronic cir- s . 
cuitry is entirely main- “The Novametr IX 506 IS 
tenance-free. a simple, inexpensive 


Setup is fast. Just s 
push the power switch means of monitoring 


tine anesthesia allows early recog- 
nition of hypoxemia permitting quick 
response to improve oxygenation. 


and the unit performs a 
quick self-diagnostic 
check. Then the 500’s 
programmed menu quick- 
ly helps you set the high 
and low SaO, and pulse 
rate limits. Once the 


oxygenation to reduce 
the incidence of anes- 
thetic mishap during 
routine procedures.” 
EET OED IEEE EEE SG | 


limits are set they are 
constantly visible. And the Novametrix 500 keeps them in 
memory indefinitely—for weeks or even months—until you 
decide to change them. 

Operation is just as simple, with easy-to-read displays of O, 
saturation and pulse rate. A message center displays a bar graph 
of pulse amplitude as well as providing specific information 
regarding any alert condition. In addition, there’s an audible 
pulse signal that changes in tone—up or down to reflect changes 
in SaO,—so you can keep your eyes on the patient. 

The Novametrix 500 Pulse Oximeter is small, lightweight 
(under 10 Ibs.), and operates for a full 20 hours ona single battery 
recharge. (Not just an hour or two of battery backup power like 
most other oximeters.) 

Novametrix finger, ear, and versatile flexible sensors are small, 
ruggedly built, and designed for easy applica- 
tion to patients of all ages. And Novametrix’ 
unique selectable response time eliminates 
false alerts due to motion artifact. 

For full technical details—and the 
Surprisingly low price—write Novametrix 
Medical Systems Inc., 1 Barnes Industrial 
Park Road, P.O.Box 690, Wallingford, CT 
06492. Or call us toll-free at 1-800-243-3444. 


Pulse Oximetry. 

End Tidal CO.. 

Transcutaneous O./CO.. 

Three technologies...one source. 
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Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgecns 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 
had been necessary. 


But these two stories don’t end here. About 28 cays 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take o'f 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique ‘‘hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 
to the scalp. All this lessens the chance of 
post-op alopecia. 





The ProPillow 
Anesthesia Pillow 


Ald 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, ‘‘sniffing’’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Piliow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 


Continuous 0,/CO, 
Monitoring Report #2 
Subject: Cost-effective capno- 
graphy for the OR; calibration 
and condensation problems 
solved, 


The measurement of end tidal car- 
bon dioxide by a modern on-line 
analyzer provides a close approx- 
imation of alveolar partial pressure 
of CO,. 

Continuous measurement of 
ETCO, in the OR allows up-to-the- 
minute assessment of the ade- 
quacy of ventilation, and assists in 
the timely diagnosis of intraopera- 
tive problems or metabolic trends 
allowing early intervention to pre- 
vent adverse outcome. 


End Tidal CO, 
NOVAMETRIX 1250 


Capnography in the OR used to mean long warm-up periods, 
tedious calibration sessions, and a constant struggle to keep the 
sampling circuit clear of moisture. 

Thanks to microelectronic technology, this is no longer the 
case. And none of the newer ETCO, monitors use this 
technology better than 
the Novametrix 1250. > 

But while the elec- “An end tidal 


tronics of the Cap- monitor you 


nogard™ 1250 are com- 


plex, they actually make don’t need 
the monitor simpler to to calibrate? 


use. Push the system 

power switch and the Yes. The 

unit is up and monitor- 

ing in less than two Capnogard 1250 
minutes. And its innova- from Novameftrix.” 
tive microprocessor con- 

trol system keeps it that 

way, ensuring continuous reliable operation. 

The designers of the Capnogard noted how moisture prob- 
lems overwhelmed the water traps of even the best end tidal 
monitors. So they developed a dehumidification interface kit with 
a semipermeable tube drying system and a built-in disposable 
particulate filter. Then they incorporated a front panel accessible 
sample chamber that could be manually cleared in under a 
minute right in the OR. Moisture a problem with your end tidal 
monitoring? Not if you're using the Capnogard 1250. 

And, thanks to the 1250’s unique auto-zeroing system, you can 
forget about time-consuming daily calibration sessions. (Semi- 
annual reverification of calibration is recommended.) 

Unlike many CO, analyzers, the 1250 was designed with the 
OR in mind. So you'll find features like direct measurement of 
NO; automatic and continuous N,O com- 
pensation; large LED readouts; apnea alert; 
two-minute silence, audio off, and alert reset 
buttons; sample exhaust for gas scavenging; 
and analog outputs for recorder and scope 
displays. 

For details on the Capnogard 1250—and its 
surprisingly low price—write Novametrix 
Medical Systems Inc., 1 Barnes Industrial 
Park Road, P.O. Box 690, Wallingford, CT 
06492. Or call us toll-free at 1-800-243-3444. 
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Pulse Oximetry. 

_ End Tidal CO,,. 
Transcutaneous 0,/CO,. 
» Three tochna bi one source: 
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CORRECTION NOTICE: 


A typographical error appears in the following 
publication... 


Atlee: Perioperative Cardiac Dysrhyth- 
mias: Mechanisms, Recognition, Man- 
agement 

ISBN 0-8151-0345-X 


The errorinthis publication is on page 404, table 9-2- 
DRUGS USED TO TREAT CARDIAC DYSRHYTH- 
MIAS, DOSES (IV), AND PRINCIPAL INDICATIONS. 
The dosage for the drug BRETYLIUM ts incorrectly 
stated. The dosage column should read: 
B= 5—10mg/kg (up to 30 mg/kg daily}; 
It = 1~2mg/min or 5—10 mg/kg over 6—8 hr 


An errata slip making this correction is 
available. Purchasers who wish a copy, 
may contact Year Book Medical Publishers 
at the address or telephone number below. 


YEAR BOOK MEDICAL PUBLISHERS 
35 EAST WACKER DRIVE 
CHICAGO, ILLINOIS 60601 
1-800-621-9262 


HAROLD R. GRIFFITH 
CHAIR IN ANESTHESIA 


A fund has been established to endow a chair to 
honour the memory of the renowned Canadian 
physician, anesthetist, and scientist whose as- 
sociation with McGill University extended over 
forty years. 


This chair will be dedicated to the further devel- 
opment within the McGill department of scien- 
tific investigation and the promotion of educa- 
tion in research. 


Individuals wishing to contribute are asked to 
forward cheques, made payable to McGill Uni- 
versity (Harold R. Griffith Fund). 


Address: 


University Secretariat 
McGill University 

F. Cyril James Building 
Room 608 

845 Sherbrooke West 
Montreal, Quebec 
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See Nitrous Oxide N,O 


and Other Publications 
at Booth 837 





NITROUS 
OXIDE/N,O 


Editor: Edmond |. Eger li, M.D., 

Professor and Vice Chairman for Research, 
Department of Anesthesia, 

University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N.O is a complete resource on the subject. 
it describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N.O are 
reviewed by means of: 
a thorough discussion of N.O pharmacology and 
distribution 
u detailed summary of known side effects and toxicity 
a practical guidelines for avoiding and managing 
these effects 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N,O is a controversial work that 
everyone using the drug will want to read. 


Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics. Chemistry. and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity, and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Snould We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide. Epilogue. Index. 





1984 416pages 0-444-00860-8 cloth $37.50 


‘Distributed outside the U.S.A. and Canada by Edward Arnoid Ltd.. London.) 


Order from your usual Supplier or 
Elsevier Science Publishing Co.. inc. 
PO. Box 1663. Grand Central Station. New York, NY 10163 


Note: Price subject to change without notice. 
in NY State please add applicable sales tax. 8/85 EB343 
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Continuous 0,/CO, 

Monitoring Report #3 

Subject: Compact, easy-to-use 
P,,O2 monitoring for OR patients. 


“P.O is a useful variable 
because it is a noninvasive 
‘global’ monitor of patient 
oxygenation. It can give an early 
warning of decreasing oxygen 
delivery, thus allowing the 
treatment of impending hypoxia 
before it occurs.” ' 


“P,-O2 monitoring proved also to 
act as an early warning device 
for impending hypoxemia and 
hemodynamic compromise, 
thereby facilitating very early 
therapeutic intervention.” 2 


4 Barker, S. M.D., Ph.D. and Tremper, K. M.D., Ph.D. 


Joumal of Clinical Monitoring, 1: 
130-434 (1985). 

2 Chubra-Smith, N.M. M.D., et. al. Anesthesia/ 
Analgesia 64: 185-304 (1985). 




















ms ae 


‘844 Transcutaneous O, Monitor, 








NOVAMETRIX 814 


Along with a growing recognition of the usefulness of 
continuous gas monitoring during surgery came the need 
for a cost-effective P,O, monitor suitable for routine use on 








patients in the OR. The Novametrix 811 monitor meets 
that need. 
Simplicity is a key 

feature of the “The Novameftrix 
Novametrix 811. Acti- a ae 

vate the system power 811 IS the first 
switch, push the auto- aad i 

matic air calibration transcutaneous 
button, and you're monitor to deal 
ready to monitor. z 5 

And Novametrix With the special 
knows that space is F | 
scarce in a crowded requirements of 
OR, so the 811 is all OR patients. 
compact and can be 
equipped for pole 
mounting. The 811 is also a true portable transcutaneous 
monitor, and may be operated on AC power or on its 
rechargeable gel cell for up to eight hours between 
recharges. 

An eight-position temperature selection switch offers a 
choice of sensor temperatures for operation. Visual display 
of both actual and selected temperature provides reassur- 
ance of proper sensor operation. And while we're talking 
about sensors, remember that Novametrix sensors are 
recognized for their rugged construction and durability, so 
you can count on their withstanding the occasional rough 
handling they'll receive in the OR. | 

For complete information on the Novametrix Model 811 
Transcutaneous O, monitor, along with details on its 

Surprisingly low price, call us toll-free at 
1-800-243-3444. Or write Novametrix 
Medical Systems Inc., 1 Barnes Industrial 
Park Road, P.O. Box 690, Wallingford, 
CT 06492. 


Pulse Oximetry. 

End Tidal CO.. 

Transcutaneous O,/CO,, 
Three technologies...one source. | 
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injection, USP) 


For faster reversal a 
of neuromuscular blockade 
ith fewer side effects 










From the developers of 
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Anaquest 
2005 West Beltline Highway 
Madison WI 53713 2318 

608 273 0019 800 ANA DRUG 
A Division of BOC Inc 


BOC Health Care 1985 BOC Inc 





60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.'” 








¢ Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.'” 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 ug/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 
(15 pzg/kg)."” 

¢ May be the reversal agent of choice for atracurium and vecuronium 
"...compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and...antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.’” 


“Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’ 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesioiogy 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. 
Br J Anaesth 56:453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982. 


Please see use information on next page. 
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Enlon (edrophonium chloride injection, USP) 
60-second reversal of neuromuscular blockade 


DESCRIPTION 
ENLON (edrophonium chloride injection, USP) is a rapid acting cholinergic 
(cholinesterase inhibitor}. Chemically edrophonium chloride is ethyl 
(m-hydroxypheny!) dimethylammonium chloride and its structural formula is: 
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ENLON contains in each mL of sterile solution: 
(vial) 10 mg edrophonium chloride compounded with 0.45% pheno! and 0.2% sodium 


sulfite as preservative, buffered with sodium citrate and citric acid. Its pH is adjusted 
to approximately 5.4 


CLINICAL PHARMACOLOGY 

ENLON (edrophoniurn chloride injection, USP} activates neuromuscular transmission 
primarily by inhibiting or inactivating acetylcholinesterase. By inactivating the acetyl- 
cholinesterase enzyme, acetylcholine is not hydrolyzed by acetyichclinesterase and 
is thereby allowed to accumulate. The accumulation of acetylcholine at the sites of 
cholinergic transmission facilitates transmission of impulses across the myoneural 
junction. 


INDICATIONS AND USAGE 


ENLON (edrophonium chloride injection, USP} is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurarmne, metocurine, 
atracurium, vecuronium, or pancuronium. It is not effective against depolarizing 
relaxants such as succinylcholine and decamethonium. It is also useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage. 
ENLON is recommended for use in the differential diagnosis of myasthenia gravis. 
it may also be used as an adjunct to evaluate treatment requirements of the disease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommended 
for maintenance therapy in myasthenia gravis. 


CONTRAINDICATIONS 
ENLON (edrophonium chloride injection, USP} is not to be used in patients with known 
hypersensitivity to anticholinesterase agents, or in patients having urinary obstruc- 
tions of mechanical type. 


WARNINGS 

It is recommended that 1 mg atropine sulfate should be made availabie for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following administration 
of edrophonium chloride have been reported. It is postulated that these are vagotonic 
effects. 


PRECAUTIONS 

General: As with any antagonist of nondepolarizing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtained 
prior to discontinuation of respiratory assistance. Should a patient develop 
“anticholinesterase insensitivity” for brief or prolonged periods, the patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or withheld 
until the patient again becomes sensitive to them. 

Drug Interactions: The drug should not be administered prior to the administration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are also on 
anticholinesterase drugs. Anticholinesterase overdosage (cholinergic crisis) symptoms 
may mimic underdosage (myasthenic weakness) so the use of this drug may worsen 
the condition of these patients (see OVERDOSAGE section for treatment). 
Pregnancy Category C: It is not known whether ENLON (edrophonium chloride 
injection, USP) can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity, since there have been no adequate and well controlled 
studies in humans. 

Labor and Delivery: The effect of ENLON on the mother and fetus, on the 
duration of labor or delivery, on the possibility that forceps delivery oz other interven- 
tion or resuscitation of the newborn will be necessary is not known. The effect of the 
drug on the later growth, development and functional maturation ofthe child is also 
unknown. 

Nursing Mothers: The safety of ENLON during lactation in humans has not been 
established. 


ADVERSE REACTIONS 

A patient in myasthenic crisis, being treated with ENLON (edrophonium chioride 
injection, USP) should be observed for bradycardia or cardiac standstili and cholinergic 
reactions if an overdosage is given. Reactions common to anticholinesterase agents 
such as edrophonium chloride are: 

Cardiovascular: arrhythmias (especially bradycardia), fall in output leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngospasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia: 

Gastrointestinal: nausea, vomiting, increased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps: 

Musculoskeletal: weakness and fasciculations; 

Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
pupillary constriction, diplopia. and conjunctival hyperemia. 





OVERDOSAGE 
Muscarine-like symptoms (nausea, vomiting, diarrhea, sweating, increased bronchial 
and salivary secretions and bradycardia) may appear with overdosage (cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP) but may be managed by the 
use of atropine. Obstruction of the airway by bronchial secretions can arise and may 
be managed with suction (especially if tracheostomy has been performed) and by the 
use of atropine. Signs of atropine overdosage such as dry mouth, flush and tachycar- 
dia should be avoided as tenacious secretions and bronchial plugs may form. Should 
edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2. Monitor cardiac function. 
Appropriate measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 


hie cae adult intravenous injection for antagonism of neuromuscular 
hiock: 

Administer 1 mL (10 mg} slowly within a period of 30 to 45 seconds, the dosage may 
be repeated to a maximum total dose of 4 mL (40 mg}. Its onset of action is manifest 
within 30 to 60 seconds after injection. Response should be monitored carefully and 
assisted ventilation should always be employed. When given to counteract muscle 
relaxant overdosage, the dose effect on respiration should be observed prior to repeat 
dosages and assisted ventilation should be employed. 


ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 


Aduita: 

intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg) of ENLON and 
an intravenous needle; intravenously inject 02 mL (2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 0.5 mg atropine sulfate. Inject the remain- 
ing 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may be repeated 
after one-half hour. 

intramuscular Dosage: intramuscularly inject 1 mL (10 mg} of ENLON. If hyperreac- 
tivity (cholinergic reaction) is demonstrated, retest the patient after one-half hour with 
another intramuscular injection of 0.2 mL (2 mg) ENLON. This will eliminate the 
possibility of false-negative reactions. 


Children: 

Intravenous dose in children weighing up to 75 pounds: 

Intravencusly inject 0.1 mL (1 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg} given every 30 to 45 seconds may be administered 
to a maximum total dose of 0.5 mL (5 mg). The recommended dose in infants is 
0.05 mL (0.5 mg). 

Intravenous dose in children weighing above 78 pounds: 

intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL {1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg}. 

intramuscular Dose: Intramuscularly inject 0.2 mL (2 mg) ENLON in children weighing 
up to 75 pounds; above this weight, the dose is 0.5 mL (5 mg), All signs of hyperreac- 
tivity (cholinergic reaction} noted in the intravenous test will be demonstrated in the 
intramuscular test; however, there is a two to ten minute delay before reaction. 


ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dose of ENLON should follow one hour after oral intake of the drug being 
used to treat the disease. The recommended dose is 0.1 mL to 06.2 mL (1 mg to 2 mg) 
administered intravenously, Response to ENLON test dose in treated myasthenic 
patients is summarized as follows: 

Undertreated patient: Myasthenic response; characterized by increased muscle 
strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb strength). 
This indicates inadequate treatment of the myasthenic condition. 

Controlied patient: Adequate response; characterized by no change in muscle strength 
with minimal side reactions {lacrimation, diaphoresis, salivation, abdominal cramps, 
nausea, vomiting, diarrhea). Fasciculations (orbicularis oculi, facial muscles, limb 
muscles) may or may not occur. The response indicates that therapy is stabilized. 
Overtreated patient: Cholinergic response; characterized by decreased muscle strength 
and severe side reactions. Fasciculations may be observed. This response occurs in 
myasthenics who have been overtreated with anticholinesterase drugs. 


ENLON (edrophonium chioride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory distress 
with inadequate ventilatory exchange, and unpredictable response to medication. If 
the patient is apneic, achieve ventilatory exchange immediately to avoid cardiac 
arrest and irreversible central nervous system damage. 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal! secretions if ENLON is administered. Whereas, 
upon administration of ENLON the myasthenic patient will demonstrate improved 
respiration and can be given additional medication. To perform the test prepare a 
syringe with 0.2 mL (2 mg) ENLON and intravenously inject 0.1 mL (1 mg). The 
patient's cardiac and respiratory actions should be observed for change. The remain- 
ing 0.1 mL (1 mg) may be injected after one minute if no response is noted. If, after 
the entire 0.2 mL (2 mg} dose has been injected, no improvement in respiration occurs, 
discontinue all anticholinesterase drugs. Controlled ventilation can be achieved by 
tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON iedrophonium chloride injection, USP}: 
NDC 10019-873-15 15 mL multidose vials. 2-85 





The Olympus LF-1 Intubation Scope a 
designed specifically tor: a 


e problem intubations 

- double lumen tube placement 

- endotracheal tube changes 

e preoperative airway assessment 

- evaluation of upper airway damage 





































~The Lt 
Incorporates 
features most 
requested by 
anesthesiologists* 


60cm working length (longer than a 
bronchoscope) accommodates all oral and 
nasal intubation techniques used in your hos- 
pital, making the LF-1 truly versatile. 
Thin 4mm insertion tube allows you to pass 
the LF-1 through all double lumen endobronchial 
tubes and endotracheal tubes even as small as 
5mm. But the LF-1 is firm enough to prevent buckling 
should you choose a larger ET tube. 
Superior optics. You'll appreciate how the increased 
image size, high resolution and 75° field of view simplify 
identification of anatomic structures and orientation within 
the pharynx. 
1.2mm channel gives you additional versatility for instill- 
ing anesthetics and removing secretions. 
Balanced tip deflection lets you choose the intubat- 
ing position that's most comfortable for you. 
Lightweight control section allows convenient 
thumb-operated tip deflection with either hand. 
Full immersibility assures you of 100% cleaning 
and disinfecting. If you choose, the LF-1 can also 
be safely gas sterilized. 
Affordable. With all its advantages, the 
LF-1 is priced substantially below a 
bronchoscope. 
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OLYMPUS 


SUPERIORITY YOU CAN SEE. 
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p Olympus Corporation 

a Medical Instrument Division 
A 4 Nevada Drive 
Lake Success, New York 11042 


qJ- 800-342-1673 


*From a market survey conducted by Olympus Corporation in January, 1983. ©1985 Olympus Corporation 


IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the [ARS annual meeting; Educational 
Members pay no registration fee. 


.... MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS) 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $45.00 U.S.: $55.00 foreign. 
These memberships are entered on a calendar year basis only. 


* 
f 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 


Please send me ____ application(s) for: Membership ( ) 
Associate Membership (____.) 
Educational Membership (_______.) 





Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 


Ald 


A20 


introduci 





E 


ng STRAPEZE” 





While others slip and slide all over the place, 
we ve made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient’s airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 


Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam IT® a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambs-wool. 


So easy to apply 
The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and,security to endotracheal 
tube placement. And there’s nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient’s 
neck, loop around tube and fasten with 
the Velcro tab back onto the strap’s 
velvety surface, Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won’t pull out, and it won’t 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 
ProTechPacific 


STRAPEZE was designed to answer 
the demanding needs of today’s medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
example of ProTech Pacific’s ongoing 
commitment to your profession. 
STRAPEZE, New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


ES. Patents pending 


ProfechPacific 


122] Andersen Drive 

San Rafael, California 94901 
Call Toll Free: 800/227-0517 
in Calif. 415/459-0745 


Manufacturers of Protective Medical Products 
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UNIQUE METABOLISM 





PROVIDES BETTER PREDICTABILITY, 


ALLOWING BETTER CONTROL 





DUAL PATHWAYS 


ESTER HYDROLYSIS 






Catalyzed by 
nonspecific 
esterases 
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temperature (37°C) 
and pH (7.4) 
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O Tracrium® Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


Œ Hofmann elimination—a nonenzymatic process that 
occurs at physiologic temperature and pH 


2) Ester hydrolysis—catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required 


These attributes make Tracrium a more flexible sur- 


gical muscle relaxant—it may be tailored to a wide 
variety of surgical cases. 


“Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion.”? 


“At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH." 


Convenient and Ready to Use 
Tracrium is easily administered—requires 
no premixing. ! 
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Few Cardiovascular Effects 
at Recommended Dosages 
O Tracrium® (atracurium besylate) produces virtually 
no clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk, 





Cardiovascular effects of atracurium 


Dosage Mean Blood Pressure (% control) N 
(mg/kg) Values + SD 





Mean Heart Rate (% control) 
Values + SD 


Dosage 





(mg/kg) 
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Copr. ©1984 Burroughs Wellcome Co. All rights reserved, 


Adapted from Basta et al.3 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


O Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


O Once recovery begins, it is relatively rapid and 
independent of dose 


O This means that you do not have to calculate pro- 
gressively smaller doses for repeat administration, and 
that recovery is more consistent and predictable 


“One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 25%-75% recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative... ."7 


Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 
within the clinical dosage range (at EDgs) for curare, 
at the upper limits of the clinical dosage range 

(at 2 x EDgs) for metocurine and outside the clinical 
dosage range (at 3 x EDgs) for atracurium? 


O The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 


REFERENCES: 

1. Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: Anew 
intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
2. Katz RL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
Anesth Analg 1982; 61:730-734. 

3, Basta SJ, Ali HH, Savarese JJ, et al: Clinical pharmacology of atracurium besylate 
(BW 33A): A new non-depolarizing muscle relaxant. Anesth Analg 1982; 61:723-729. 
4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 1982;57:A261. 
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The New Ohmeda Biox 3700 Pulse Oximeter. 
Because hypoxemia is an SaO, problem. 








Why oximetry. Why Ohmeda. work. The 3700 has a battery 

A drop in arterial blood Now, the Ohmeda Biox 3700 backup, for easy transport and 
oxygenation (SaO,) calls for Pulse Oximeter helps you in the emergency power support. And 
quick and effective action. prompt detection of hypoxemia. its three types of probes make 
Especially in anesthesia, where Continuous, reliable and the 3700 ideally suited for any 
oxygen starvation can jeopardize non-invasive, only the 3700 patient. 

your patient’s safety. Only shows you a plethysmographic So, prevent minor procedures 
oximetry provides the means for waveform—plus SaO, trending from becoming major hypoxic 
direct and efficient monitoring of of the past 20 or 60 minutes. Both crises. Rely on the Ohmeda Biox 
SaO2.—giving you the crucial visual and audible indicators 3700. It's the confident response 
time needed to prevent clinical continuously inform you of your to the critical demands of 
complications. patient's SaO, condition as you anesthesia. 

Ohmeda oT 
Ohmeda 

4765 Walnut Street 


Boulder, Colorado 80301 1800652 2469 
A Division of The BOC Group, Inc. 


BOC Health Care 
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THROUGHOUT THE *# PERE 


to relieve excessive anxiety i 
























Rapid relief of anxiety and apprehension 


Anxiety is an extremely common reaction to the stress of 
anesthesia and surgery. Often at its most acute stage in the 
minutes just before induction, anxiety may even affect 

the outcome of the surgical procedure. ' 

To relieve anxiety promptly and predictably, no agent is 
more effective than Injectable Valium® (diazepam/Roche) LV. 
Within minutes after an LV. injection,*’ most patients 

become noticeably calmer, sedated yet easily aroused if 
necessary. This response is prompt and predictable—just 
the kind you want in the anxious moments before surgery. 


fea 


Rarely compromises cardiac or respi- 


ratory function Injectable Valium rarely produces clini- 
cally significant alterations in basal circulatory parameters.*° 
In a series of 16,000 patients, apnea occurred in only three 
patients given Injectable Valium intravenously. However, 
caution should be taken when administering the agent to 
elderly or debilitated patients with limited pulmonary re- 
serve. Resuscitative equipment should be available for all 
patients, and narcotics should be reduced by one-third 
or more; in some cases they may be eliminated. 





by Roche Products Inc. 





OPERATIVE PERIOD 


= to diminish recall 


Diminishes recall of unpleasant or Easily titrated for desired effect The com- 
painful procedures When patients have vivid pact 10-mg prefilled syringe makes individualized 
memories of invasive procedures, they may be less titration of Injectable Valium (diazepam/Roche) 
than willing to undergo such procedures again, even simple because there Is Convenient, easily readable 
if they are medically necessary.®° Recall of proce- milligram calibration on both sides of the barrel. 
dures such as endotracheal intubation can be dimin- And unlike other injectable agents, Injectable Valium 
ished by the rapid-acting amnesic effect of Injectable needs no reconstitution before administration and 
Valium (diazepam/Roche) LV. Anterograde amnesia no refrigeration during storage. Do not mix or dilute 
usually begins within three minutes after a single LV. Valium with other drugs or solutions. Administer slowly 
injection, peaks within ten minutes and lasts for 20 Ina large vein or through the infusion line as close to 
to 60 minutes2!2:!' the vein insertion site as possible. 

This predictable pattern of action distinguishes . Injectable Valium. In a Class by itself for rapidly 
Injectable Valium from other agents that can produce relieving anxiety and diminishing recall. 


amnesia and sedation. Other agents can take 15 to 
30 minutes to achieve the desired effect, and the 


effects may last for 24 hours or more.2 However p t 
patients should be warned about driving or perform- romp 
E ing other potentially dangerous activities after receiv- 


ing Injectable Valium. Predictable 


INJECTABLE 


VALIQ 


diazepam/Roche 


Ready-to-use Tel-E-Ject® disposable syringes 
7 ies 2 mg/ml 
2-ml ampuls, 10-ml vials 





? See next page for 
references and summary 
of product information. 
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INJECTABLE JA | IC J M Giazepam /Roche) @ 


Please consult complete product information, a summary of 
which follows: 


Indications: Management of anxiety disorders, or short-tetra relief of symp- 
toms of anxiety. Anxiety or tension associated with the stress of everyday life 
usually does not require treatment with an anxiolytic. Symptomatic relief of 
acute agitation, tremor, impending or acute delirium tremers and halluci- 
nosis due to acute alcohol withdrawal: adjunctively in: relief of skeletal mus- 
cle spasm due to reflex spasm to local pathology; spasticity caused by upper 
motor neuron disorders; athetosis; stiff-man syndrome: tetanus: status epilep- 
ticus, severe recurrent seizures; adjunctively in anxiety, tensien or acute stress 
reactions prior to endoscopic/surgical procedures; cardioversion. 
Contraindications: Hypersensitivity, acute narrow angle glaucoma: may be 
used in patients with open angle glaucoma receiving appropriate therapy. 
Warnings: To reduce the possibility of venous thrombosis, oh lebitis, focal 
imitation, swelling and, rarely, vascular impairment whereused LV: inject 
slowly, taking at least one minute for each 5 mg (I mb given; do not use 
smali veins, ie., dorsum of hand or wrist: use extreme careto avoid intra- 
arterial administration or extravasation. De not mix or dilute Valium with 
other solutions or drugs in syringe or infusion flask. If it is sot feasible to 
administer Valium directly IV. it may be injected slowly through the 
infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with lirrtted pulmonary 
reserve because of possibility of apnea and/or cardiac arrest-concomitant 
use of barbiturates, alcohol or other CNS depressants increases depression 
with increased risk of apnea; have resuscitative facilities available. When used 
with narcotic analgesic, eliminate or reduce narcotic dosage ¿it least 1/3, 
administer in small increments. Should not be administered to patients 
in shock, coma, acute alcoholic intoxication with depression ef vital signs. 
As with most CNS-acting drugs, caution against hazardous oecu pations 
requiring complete mental alertness (e.g.. operating machinery, driving). 
Has precipitated tonic status epilepticus in patients treated fompetit mal 
status or petit mal variant status. 
Withdrawal symptoms similar to those with barbiturates and aicchol have 
been observed with abrupt discontinuation after long use of excessive 
doses. Infrequently, milder withdrawal symptoms have been reported fol- 
lowing abrupt discontinuation of benzodiazepines after long, Continuous 
use at high therapeutic levels. After extended therapy, graduali: taper 
dosage. 

Usage in Pregnancy: Use of minor tranquilizers during rst 

trimester should almost always be avoided because of increased 

risk of congenital malformations, as suggested in severa! stud- 

ies. Consider possibility of pregnancy when instituting therapy; 

advise patients to discuss therapy if they intend to or do become 

pregnant. 
Not recommended for OB use. 
Efficacy/safety not established in neonates (age 30 days or lessa: prolonged 
CNS depression observed. in children, give slowly {up to 0.25 mg/kg over 
3 minutes) to avoid apnea or prolonged somnolence; can be repeated after 
15 to 30 minutes. If no relief after third administration, appropriate adjunc- 
tive therapy is recommended. 
Precautions: Although promptly controlled, seizures may return; readminis- 
ter if necessary; not recornmended for long-term maintenancetherapy. 
If combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects—particularly with known compounds _ 
which may potentiate action of Valium (diazepam/Roche), i.e.. phenothia- 
zines, narcotics, barbiturates, MAO inhibitors, antidepressants. Brotective 
measures indicated in highly anxious patients with accompanying depres- 
sion who may have suicidal tendencies. Observe usual precautions in 
impaired hepatic function: avoid accurnulation in patients with compro- 
mised kidney function. Laryngospasm/increased cough reflex are possible 
during peroral endoscopic procedures; use topical anesthetic, Fave neces- 
sary countermeasures available. Hypotension or muscular weakness possi- 
ble, particularly when used with narcotics, barbiturates or alcohad. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 
The clearance of Valium and certain other benzodiazepines can De delayed 
in association with Tagamet (cimetidine) administration. The clinical signifi- 
cance of this is unclear 
Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombasis/ 
phiebitis at injection site, confusion, depression, dysarthria, heacache, 
hypoactivity, slurred speech, syncope, tremor, vertigo, constipatien, nausea, 


incontinence, changes in libido, urinary retention, bradycardia, cardio- 
vascular collapse, hypotension, blurred vision, diplopia, nystagmus, urticaria, 
skin rash, hiccups, changes in salivation, neutropenia, jaundice. Paradox- 
ical reactions such as acute hyperexcited states. anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
tion have been reported; should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, laryngospasm/pain in 
throat and chest have been reported in peroral endoscopic procedures. 
isolated reports of neutropenia, jaundice; periodic blood counts, liver func- 
tion tests advisable during long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mg LM, or 
LV, depending on indication and severity. Larger doses may be required in 
some conditions (tetanus). in acute conditions injection may be repeated 
within | hour, although interval of 3 to 4 hours is usually satisfactory. Lower 
doses (usually 2 to 5 rng) with slow dosage increase for elderly or debili- 
tated patients and when sedative drugs are added. (See Warnings and 
Adverse Reactions.) 

For dosages in infants and children see below: have resuscitative facilities 
available. 

LM. use: by deep injection into the muscle. 

LV. use: inject slowly, take at least one minute for each 5 mg (1 ml) given. 
Do not use small veins, i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasation. Do not mix or dilute 
Valium with other solutions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium directly LV. it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Moderate anxiety disorders and symptoms of anxiety, 2 to 5 mg LM. ori¥ 
and severe anxiety disorders and symptoms of anxiety, 5 to 10 mg ILM. or LV, 
repeat in 3 to 4 hours if necessary; acute alcohol withdrawal, 10 mg LM. or 
LV, initially, then 5 to 10 mg in 3 to 4 hours if necessary. Muscle spasm, in 
adults, 5 to 10 mg LM. or LY initially, then 5 ta 10 mg in 3 to 4 hours if 
necessary (tetanus may require larger doses): in children, administer IV 
slowly; for tetanus in infants over 30 days of age, 1 to 2 mg IM. or LV, 
repeat every 3 to 4 hours if necessary; in children 5 years or older, 5 to 

10 mg repeated every 3 to 4 hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive seizures (LV. route preferred), 
5 to 10 mg adult dose administered slowly, repeat at 10- to 15-minute 
intervals up to 30 mg maximum. Repeat in 2 to 4 hours if necessary, 
keeping in mind possibility of residual active metabolites. Use caution in 
presence of chronic lung disease or unstable cardiovascular status. infants 
(over 30 days) and children (under 5 years), 0.2 to 0.5 mg slowly every 2 to 
5 min., up to 5 mg (LV. preferred). Children 5 years plus, 1 mg every 2 to 5 
min., up to 10 mg (slow LV. preferred); repeat in 2 to 4 hours if needed, EEG 
monitoring may be helpful. 

in endoscopic procedures, titrate LV. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if LV. cannot be used, 5 to 10 mg LM. approximately 
30 minutes prior to procedure. As preoperative medication, 10 mg LM.: in 
cardioversion, 5 to 15 mg LV. within 5 to 10 minutes prior to procedure. 
Once acute symptomatology has been properly controlled with injectable 
form, patient may be placed on oral form if further treatment is required. 
Management of Overdosage: Manifestations include somnolence, confu- 
sion, coma, diminished reflexes. Monitor respiration, pulse, blood pressure: 
employ general supportive measures, IV fluids, adequate airway. Hypoten- 
sion may be combated by the use of levarterenol or metararninol. Dialysis 
is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 mi, boxes of 1 and 10: 
Tel-E-Ject® (disposable syringes), 2 mi. boxes of 10. Each mi contains 

5 mg diazepam compounded with 40% propylene glycol. 10% ethyl alcohol, 
5% sodium benzoate and benzoic acid as buffers, and 1.5% benzyi alcohol 
as preservative. 


Manufactured by Hoffmann-La Roche inc. 


Nutley, New Jersey 07110 
Distributed by Roche Products Inc. 
® Manati, Puerto Rico 00701 








SIEMENS 


Introducing the Servo Anesthesia System 


The advanced anesthesia system 
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Now there's one highly versatile anesthesia system 
designed for routine and critical care cases involving 
pediatric as well as adult patients. It’s the new Servo ` 
Anesthesia System from Siemens. Compact and. 


ask en al modular in design, the system is human-engineered 
See for ease of operation and highly accurate 
Se control...plus maximum safety. 


= New versatility and Sanon in the OR 
E The system utilizes our Servo Ventila 
=S most advanced technology available for both 
See volume-controlled and pressure-supported 
See anesthesia applications. A new ventilation mode, 


tor, offering the 


pressure support, enables patients to breathe 


eee spontaneously with the assistance of a pre- 
eee determined pressure. The system continuously 
See Monitors all important functions and provides 
See instantaneous readings and audible/visual alarms. 
=e Advanced monitoring interface 
TE The Servo Anesthesia System interfaces with a 
= broad range of exclusive, innovative monitoring 
a systems, including the CO2 Analyzer 930, the Lung 
=S Mechanics Calculator 940 and the Sirecust 404. 


= New ease of maintenance 
See You're assured of quality performance with a 


minimum of maintenance. The system requires only 


=m minimal servicing; the costs are extraordinarily low. 
= And best of all, most maintenance is easily per- 

E formed right on site by members of your own staff. 
mee No costly off-site service! 


See And you're further assured of immediate 
See professional assistance, if necessary, from your 


Siemens sales and service representatives. It’s all 


es part of the Siemens commitment to superior 


products and systems for healthcare 


For further information, contact S 
Siemens-Elema Ventilator Systems, 7 
2360 No. Palmer Dr., Schaumburg, L 


illinois 60195—(312) 397-5975, or 7 bi 
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Siemens...a pioneer in innovative 7S5" (4. 


healthcare systems. 
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of Nondepolarizing 
muscle relaxants, 
dont look for what's better... 
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bromide injection, USP) 
when compared to neostigmine 


O Clinically fewer side effects 

O Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

O Wide margin of safety’? 
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BRIEF SUMMARY --(Piease consult full package insert. 
enciosed in every package. before using Regona!) 


INDICATIONS. Pynidostigmine bromide '5 useful as a rever- 
Sai agent or antagonist to nondepoiarizing muscle relaxants 


CONTRAINDICATIONS....Kriown hypersensitivity to anticho- 
imesterase agents intestinal and unnary oostructions ot 
mechanical type 


WARNINGS...Pyridostigmine bromide should be used with 
Darticular Caution in patients with bronchial asthma or cardiac 
Gysrhyinmias. Transient bradycardia may occur and be 
feveved by atropine sulfate Atropine should also be used wit 
Caution in patients with cardiac dysrhythmias When large 
doses of pyridastigmine bromide are administered. as during 
reversai of muscle relaxants. prior ar simultaneous injection of 
atropine sulfate is advisable Because of the possibility of 
hypersensitivity in an occasional patient. atropine and anti- 
shock medication should always be readily available 

When used as an antagonist to nondepolerizing muscle 
relaxants, adequate recovery cf voluntary respiration and 
neuromuscular transmission mus! be obtained pror to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation Satisfactory recovery may be 
detined by a combination of clinical judgement. respiratory 
measurements and observation of the etfects of peripheral 
nerve stimulation H there is any doubt concerning the ade- 
quacy of recovery from the effects of the nendepolarizing 
muscle relaxant, artificial ventilahor should be continued until 
ail doubt has been removed 


Use in Pregnancy—The safety of pyridostigmine bromide 
dunng pregnancy or lactation in humans has not been estab- 
ished. Therefore its use in women who are pregnant requires 
weighing the drugs potential benefits against its possible 
hazards to mother and child 


ADVERSE REACTIONS — The side effects of pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two vaneties. muscarinic and mcatinic. Among 
those in the former group are nausea. vomiting. diarrhea. 
abdominal cramps, increased peristalsis. increased saliva- 
Hon, increased bronchiai secretions, miosis and diaphoresis 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 
can usually be counteracted by atropine As with any com- 
pound containing the bromide radical. a skin rash may be 
seen in an occasional patient Such reactions usualiy subside 
promptly upon discontinuance of the medication Throm- 
bophiebitis has been reported subsequent! to intravenous 
administration. 

DOSAGE AND ADMINISTRATION— When pyridostiqmine 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs, itis recommended tha! atropine sulfate (0.6 to 
1.2 mg) of glycopyrroiate in equipotent doses be given intra- 
venously immediately ponor to or simultaneous with its admin- 
istration Side effects. notably excessive secretions and 
bradycardia, are thereby minimized. Reversai dosages range 
from 0.1-0 25 mg./kg Usually 10 or 20 mg. of pyndostigmine 
bromide will be sufficient for antagonism of the effects of the 
nondepoiarizing muscle relaxants. Although full recovery may 
occur within 15 minutes in most patients, others may require a 
half hour or more. Satistactory reversal can be evident by ade- 
quate voluntary respiration. respiratory measurements and 
use of a peripheral nerve stimulator device It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained, 
recuranization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes} reversal may occur e.g.. in the presence of 
extreme debilitation, carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents. 
notably ether Under these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
control of his respiration 


HOW SUPPLIED—~Regonol is available in: 
Smg/mi: 2ml. ampuls—- boxes of 25-~NDC-0052-0460-02 
Sm. vials-—-boxes of 25-—-NDC-0052-0460-05 


REFERENCES: 

t. Gyermek L Clinical studies on the reversal of the neuro- 
muscular blockade produced by pancuronium bromide. 1. 
The effects of glycopyrrolate and pyridostigmine. Curr Ther 
Res 18:377-386, 1975. 

2. Ravin MB: Pyridostigmine as an antagonist of d-tubo- 
curanrine-induced and pancuronium-induced neurcmus- 
cular blockade Anesth Anaig--Curr Res 54 317-321, 1975 
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ANNOUNCING: 
The new, easily 
identifiable, economical, 
shatter-resistant, 10 mi, 
multiple-dose vial 


(100 mg atracurium besylate per vial). 
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Marcaine Spinal 
bupivacaine HCI, USP 0.75% 
with dextrose, USP 8.25% injection 


PLEASE CONSULT FULL PRESCRIBING INFORMATION: A SUMMARY FOLLOWS: 
CONTRAINDICATIONS: MARCAINE Spinal is contraindicated in patients with a known hypersensitivity 
to it or to any local anesthetic agent of the amide-type. The following conditions preclude the use of 
spinal anesthesia: {1} Severe hemorrhage, severe hypotension, or shock and arrhythmias, such as 
comolete heart block, which severely restrict cardiac output; (2) Local infection at the site of proposed 
tumbar puncture: (3) Septicemia. 

WARNINGS: LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL 
VERSED IN DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMER- 
GENCIES WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER 
INSURING THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIO- 
PULMONARY RESUSCITATIVE EQUIPMENT, AND THE PERSONNEL RESOURCES NEEDED FOR PROPER 
MANAGEMENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See also ADVERSE REACTIONS 
and PRECAUTIONS.) DELAY IN PROPER MANAGEMENT OF DOSE-RELATED TOXICITY, UNDERVENTI- 
LATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE DEVELOPMENT OF 
ACICOSIS, CARDIAC ARREST AND, POSSIBLY, DEATH. 

Spinal anesthetics should not be injected during uterine contractions, because spinal fluid current 
may carry the drug further cephaiad than desired. 

A tree iow of cerebrospinal fluid while performing spinal anesthesia indicates entry into the subarach- 
noid space. Aspiration should be performed before the anesthetic is injected to confirm entry into the 
suberachnoid space and to avoid intravascular injection. 

MARCAINE solutions containing epinephrine or other vasopressors should not be used concomitantly 
with ergot-type oxytocic drugs, because severe, persistent hypertension may occur. MARCAINE solu- 
tions containing a vasoconstrictor such as epinephrine shouid be used cautiously in patients receiving 
monoamine oxidase inhibitors (MAO!) or antidepressants of the triptyline or imipramine types, because 
severe prolonged hypertension may result. 

Acministration of MARCAINE to patients younger than 18 years is not recommended, nor is the mixing 
or ths prior or intercurrent use of any other local anesthetic with MARCAINE because of insufficient data 
on the chnical use of such mixtures. 


PRECAUTIONS: General: The safety and effectiveness ot spinal anesthetics depend on proper dosage, 
correct technique, adequate precautions, and readiness for emergencies, Resuscitative equipment, 
oxygen, and other resuscitative drugs should be available for immediate use. (See WARNINGS and 
ADVERSE REACTIONS.) The patients should have IV fluids running via an indwelling catheter to assure a 
functioning intravenous pathway. The lowest dosage of focal anesthetic that results in effective anesthe- 
sia siouid be used. Aspiration for blood should be performed before injection and injection should be 
made siowly. Tolerance varies with the status of the patient. Elcerly patients and acutely ill patients may 
require reduced doses. Reduced doses may also be indicated in patients with increased intra-abdominal 
pressure (including obstetrical patients}, if otherwise suitable for spinal anesthesia. 

Cardicvascular and respiratory vital signs and the patient's state of consciousness after focal anes- 
thetic injection should be constantly and carefully monitored. Restlessness, anxiety, incoherent speech, 
light-headedness, numbness, and tingling of the mouth and lips, metallic taste, tinnitus, dizziness, blurred 
vision, tremors, depression or drowsiness may be early warning signs of central nervous system toxicity. 

Spinal anesthetics should be used cautiously in patients with severe disturbances of cardiac rhythm, 
shock or heart block. 

Sympathetic blockade during spinal anesthesia may result in peripheral vasodilation and hypoten- 
sion, the extent depending on the number of dermatomes blocked. Blood pressure should be carefully 
monitored especially in the early phases of anesthesia. Hypotension may be controlied by vasoconstric- 
tors in dosages depending on the severity of hypotension and response of treatment. The level of 
anesthesia shouid also be carefully monitored because it is not always controllable in spinal techniques. 

Because the liver metabolizes amide-type focal anesthetics such as MARCAINE, these drugs, espe- 
cially repeat doses, should be used cautiously in patients with hepatic disease. Patients with severe 
hepatic disease are at a greater risk of developing toxic plasma concentrations. Local anesthetics 
shouid aiso be used cautiously in patients with impaired cardiovascular function because they may be 
less able to compensate for functional changes associated with the prolongation of A-V conduction 
produced by these drugs. However, dosage recommendations for spinal anesthesia are much lower than 
those in other major blocks; most experience regarding hepatic and cardiovascular disease dose- 
related toxicity is derived from these other major blocks. 

Serious dose-related cardiac arrhythmias may occur if preparations containing a vasoconstrictor 
such as epinephrine are used in patients during or following the administration of potent inhalation 
agers. in deciding whether to use these products concurrently in the same patient, the combined action 
of bcth agents on the myocardium, the concentration and volume of vasoconstrictor used, and the time 
since injection, when applicable, should be considered. 

Meny drugs used during the conduct of anesthesia are considered potential triggering agents for 
familal malignant hyperthermia. It is not known whether amide-type local anesthetics trigger this 
reacBon, and since the need for supplemental general anesthesia cannot be predicted in advance, a 
standard protocol for management should be available. Early unexplained signs of tachycardia, tachyp- 
nea, labile blood pressure, and metabolic acidosis may precede temperature elevation. Successful 
outcome depends on early diagnosis, prompt discontinuance of the suspect triggering agent(s) and 
institution of treatment, including oxygen therapy, indicated supportive measures and dantroijene. 
(Consult dantrolene sodium package insert before using.) 

The following conditions may preclude the use of spina! anesthesia, depending on the physician's 

evaluation of the situation and ability to deal with possible complications or complaints: (1) Preexisting 
disezses of the central nervous system, such as those resulting from pernicious anemia. poliomyelitis, 
syphilis, tumor; (2) Hematological disorders predisposing to coagulopathies or patients on anticoagu- 
iant therapy. Trauma to a blood vessel during the conduct of spinal anesthesia may, in some instances, 
resul in uncontrollable centrai nervous system hemorrhage or soft tissue hemorrhage: (3) Chronic 
backache and preoperative headache; (4) Hypotension and hypertension; (5) Technica! problems (per- 
sistett paresthesias or bloody tap); (6) Arthritis or spinal deformity: (7) Extremes of age: (8) Psychosis 
or other causes of poor cooperation by the patient. 
information for Patients: Patients should be informed that they may experience temporary loss of 
sensation and motor activity, usually in the fower half of the body, following proper administration of 
spinal anesthesia. Also, when appropriate, the physician should discuss other information including 
adve’se reactions in the MARCAINE Spinal package insert. 
Clinically Significant Drug Interactions: Local anesthetic solutions containing epinephrine or norepi- 
nephrine administered to patients receiving monoamine oxidase inhibitors or tricyclic antidepressants 
may produce severe, prolonged hypertension. Concurrent use of these agents should generally be 
avoiced but, when necessary, careful patient monitoring is essential. 

Concurrent administration of vasopressor drugs and of ergct-type oxytocic drugs may cause severe 
persistent hypertension or cerebrovascular accidents. 

Phenothiazines and butyrophenones may reduce or reverse the pressor effect of epinephrine. 
Carcinogenesis, Mutagenesis, and impairment of Fertility: Long-term studies in animals of most 
locat anesthetics including bupivacaine to evaluate carcinogenic potential have not been conducted. 
Mutagenic potential or the effect on fertility have not been determined. There is no evidence from 
human data that MARCAINE Spinal may be carcinogenic, or mutagenic or that it impairs fertility. 
Pregnancy Category C: Decreased pup survival in rats and an embryocidal effect in rabbits have been 
observed when bupivacaine hydrochloride was administered in doses comparable to 230 and 130 times 
respectively the maximum recommended human spinal dose. There are no adequate and well-controlled 
Studies in pregnant women of bupivacaine's effect on the developing fetus. Bupivacaine hydrochloride 
shouid be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. This 
doesnot exclude the use of MARCAINE Spinal at term for obstetrical anesthesia. (See Labor and Delivery.) 
Laber and Delivery: Spina! anesthesia has a recognized use during labor and delivery. Bupivacaine 
hydrochioride, when administered properly, via the epidural route in doses 10 to 12 times the amount 
used in spinal anesthesia has been used for obstetrical anaigesia and anesthesia without evidence of 
adve-se effects on the fetus. 

Regional anesthesia has produced maternal hypotension. Local anesthetics produce vasodilation by 
blocking sympathetic nerves. Elevating the patient's legs and positioning her on her left side will help 
prevent decreases in blood pressure. The fetal heart rate should be monitored continuously and 
electronic fetal monitoring is highly advisable. 

it is extremely important to avoid aortocaval compression by the gravid uterus during administrations 
of regional biock to parturients. To do this, the patient must be maintained in the left lateral decubitus 
positon or a blanket roli or sandbag may be placed beneath the right hip and the gravid uterus displaced 
to the left. 

Spinal anesthesia may alter the forces of parturition through changes in uterine contractility or 
maternal expulsive efforts. Spinai anesthesia has also been reported to prolong the second stage of 
labor by removing the parturient’s reflex urge to bear dowr or by interfering with motor function. 
Obststrical anesthesia may increase the need for forceps assistance. 

The use of some local anesthetic drug products during labor and delivery may result in diminished 
muscle strength and tone for the first day or two of life. This has not been reported with bupivacaine. 

Cardiac arrest has been reported during use of MARCAINE 0.75% solution for epidural anesthesia in 
obstetrical patients. The MARCAINE hydrochloride package insert for epidural, nerve Block, etc, dis- 
cusses this probiem. These cases are compatibie with systemic toxicity following unintended intravascu- 


lar injection of the much larger doses recommended for epidural anesthesia and have not occurred 
within the dose range of bupivacaine hydrochloride 0.75% recommended for obstetrical spinal anes- 
thesia. The 0.75% concentration of MARCAINE is therefore not recommended for obstetrical epidural 
anesthesia. MARCAINE Spinal (bupivacaine HCI 0.75% with dextrose 8.25%) is recommended for spinal 
anesthesia in obstetrics. 

Nursing Mothers: itis not known whether focal anesthetic drugs are excreted in human milk; therefore, 
caution should be exercised when focal anesthetics are administered to a nursing woman. 

Pediatric Use: Until further experience is gained in patients younger than 18 years, administration of 
MARCAINE Spinal in this age group is not recommended. 


ADVERSE REACTIONS: Reactions to bupivacaine are characteristic of those associated with other 
amide-type local anesthetics. The most commonly encountered acute adverse experiences following 
spinal anesthesia are hypotension due to toss of sympathetic tone and respiratory paralysis or under- 
ventilation due tu cephalad extension of the motor level of anesthesia. These may lead to cardiac arrest 
if untreated. in addition, dose-related convulsions and cardiovascular collapse may result from dimin- 
ished tolerance, rapid absorption from the injection site, or from unintentional intravascular injection of 
a local anesthetic solution. Factors influencing plasma protein binding, such as acidosis, systemic dis- 
eases which alter protein production, or competition of other drugs for protein binding sites, may diminish 
individual tolerance. 

Respiratory System: Respiratory paralysis or underventilation may result trom upward extension of the 
levet of spinal anesthesia and may lead to secondary hypoxic cardiac arrest if untreated. Preanesthetic 
medication, intraoperative anaigesics and sedatives, as well as surgical manipulation may contribute to 
underventilation. This will usually occur within minutes of the injection of spinal anesthetic solution, but 
because of differing maximal onset times, intercurrent drug use, and surgical manipulation, it may occur 
at any time during surgery or the immediate recovery period. 

Cardiovascular System: Hypotension due to loss of sympathetic tone is a commonly encountered 
extension of the clinical pharmacology of spinal anesthesia. This is more commonly observed in patients 
with shrunken blood and interstitial fluid volumes, cephalad spread of the local anesthetic and/or 
mechanical obstruction of venous return. Nausea and vomiting are frequently associated with hypoten- 
sive episodes following the administration of spinal anesthesia. High doses, or inadvertent intravascular 
injection, may lead to high plasma levels and related depression of the myocardium, decreased cardiac 
output, bradycardia, heart block, ventricular arrhythmias and possibly cardiac arrest. (See WARNINGS, 
PRECAUTIONS, and OVERDOSAGE sections.) 

Central Nervous System: Respiratory paralysis or underventilation secondary to cephalad spread of 
the leve! of spinal anesthesia (see Respiratory System} and hypotension for the same reason (see 
Cardiovascular System) are the two most commonly encountered central nervous system-related 
adverse observations which demand immediate countermeasures. 

High doses, or inadvertent intravascular injections may tead to high plasma levels and related central 

nervous system toxicity characterized by excitement and/or depression. Restiessness, anxiety, cizzi- 
ness, tinnitus, blurred vision, or tremors may occur, possibly proceeding to convulsions. However, 
excitement may be transient or absent, with depression being the first manifestation of an adverse 
reaction. This may quickly be followed by drowsiness merging into unconsciousness and respiratory 
arrest. 
Neurologic: Adverse neurologic reactions associated with the use of local anesthetics may be related to 
the totai dose of local anesthetic administered and also depend on the particular drug used, the route of 
administration and the physical status of the patient. Many effects may be related to local anesthetic 
techniques, with or without a contribution from the drug. 

Neurologic effects following spinal anesthesia may include loss of perineal sensation and sexual 
function; persistent anesthesia, paresthesia, weakness and paralysis of the lower extremities and loss of 
sphincter control all of which may have slow, incomplete or no recovery; hypotension: high or total spinal 
block; urinary retention; headache; backache: septic meningitis; meningismus, arachnoiditis; slowing of 
labor, increased incidence of forceps delivery; shivering; cranial nerve palsies due to traction on nerves 
from loss of cerebrospinal fluid: fecal and urinary incontinence. 

Allergic: Allergic-type reactions are rare and may occur as a result of sensitivity to the local anesthetic. 
These reactions include urticaria, pruritus, erythema, angioneurotic edema (including laryngeal edema}, 
tachycardia, sneezing, nausea, vomiting, dizziness, syncope, excessive sweating, elevated temperature, 
and possibly anaphylactoid-like symptomatology {including severe hypotension). Cross-sensitivity 
among members of the amide-type local anesthetic group has been reported. 

Other: Nausea and vomiting may occur during spinal anesthesia. 


OVERDOSAGE: Acute emergencies from local anesthetics are generally reiated to high plasma levels 
encountered during therapeutic use or to underventilation {and perhaps apnea) secondary to upward 
extension of spinal anesthesia. Hypotension is commonly encountered during the conduct of spinaj 
anesthesia due to relaxation of sympathetic tone or contributory mechanical obstruction of venous return. 
Management of Local Anesthetic Emergencies: The first consideration is prevention through caretul 
and constant monitoring of cardiovascular and respiratory vital signs and the patient's state of conscious- 
ness after each local anesthetic injection, Administer oxygen at the first sign of change. 

The first step in managing systemic toxic reactions, as well as underventilation or apnea due to a high or 
total spinal is to immediately establish and maintain a patent airway and effective assisted or controlled 
ventilation with 100% oxygen with a delivery system capable of permitting immediate positive airway 
pressure by mask. This may prevent convulsions if they have not already occurred. 

if necessary, use drugs to contro! convulsions. A 50 mg to 100 mg bolus iV injection of succinylcholine 
wil paralyze the patient without depressing central nervous or cardiovascular systems and facilitate 
ventilation. A bolus IV dose of 5 mg to 10 mg of diazepam or 50 mg to 100 mg of thiopental will permit 
ventilation and counteract central nervous system stimulation, but these drugs also depress central 
nervous system, respiratory and cardiac function, add to postictal depression and may result in apnea. 
intravenous barbiturates, anticonvulsant agents, or muscle relaxants should only be administered by 
those familiar with their use. Immediately after instituting these ventilatory measures, the adequacy of the 
circulation should be evaluated. Supportive treatment of circulatory depression may require adminis- 
tration of intravenous fluids, and when appropriate, a vasopressor dictated by the clinical situation. 

Hypotension due to sympathetic relaxation may be managed with intravenous fluids, in an attempt to 
relieve mechanical obstruction of venous return or by using vasopressors and, if indicated, by giving 
plasma expanders or whale blood, 

Endotracheal intubation, employing drugs and techniques familiar to the physician, may be indicated 
after initial administration of oxygen by mask if difficulty is encountered in maintaining a patent airway or 
if prolonged ventilatory {assisted or controlled) support is indicated. 

Recent clinical data from patients experiencing local anesthetic-induced convulsions demonstrated 
rapid development of hypoxia, hypercarbia, and acidosis with bupivacaine within a minute of the onset of 
convulsions. These observations suggest that oxygen Consumption and carbon dioxide production are 
greatly increased during local anesthetic convulsions and emphasize the importance of immediate and 
effective ventilation with oxygen which may avoid cardiac arrest. 

it not treated immediately, convulsions with simultaneous hypoxia, hypercarbia, and acidosis plus 
myocardial depression from the direct effects of the local anesthetic may result in cardiac arrhythmias, 
bradycardia, asystole, ventricular fibrillation, or cardiac arrest. Respiratory abnormalities, including 
apnea, may occur. Underventilation or apnea due to a high or total spinal may produce these same signs 
and also lead to cardiac arrest if ventilatory support is not instituted. If cardiac arrest occurs, standard 
cardiopulmonary resuscitative measures should be instituted and maintained for a prolonged period if 
necessary Recovery has been reported after prolonged resuscitative efforts. 

The supine position is dangerous in pregnant women at term because of aortocaval compression by the 
gravid uterus. Therefore, during treatment of systemic toxicity, maternal hypotension or fetal bradycardia 
following regional biock, the parturient should be maintained in the left laterat decubitus position if 
possibile, or manual displacement of the uterus off the great vessels be accomplished. 

The mean seizure dosage of bupivacaine in rhesus monkeys was found to be 4.4 mg/kg with mean 

arterial plasma concentration of 4.5 mceg/mL. The intravenous and subcutaneous LD. in mice is 6 mg/kg 
to 8 mg/kg and 38 mg/kg to 54 mg/kg respectively, 
Composition of MARCAINE Spinal Solutions: Each i mL of MARCAINE Spinal contains 7.5 mg 
bupivacaine hydrochloride and 82.5 mg dextrose. The pH of this solution is adjusted between 4.0 and 6.5 
with sodium hydroxide or hydrochloric acid. The specific gravity of MARCAINE Spinal is between 1.030 
and 1.035 at 25°C, and 1.03 at 37°C. MARCAINE Spinal does not contain any preservatives. 
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So far we have given Intocostrin to 25 patients. 
We have been so much impressed ... that we 
believe this investigation should be continued. 


Harold R. Griffith and G. Enid Johnson (1) 


Most of us could not imagine the practice of anes- 
thesia without muscle relaxants. Thus it is no surprise 
that Griffith and Johnson’s short, 21⁄2 page description 
of the first use of curare in general anesthesia had 
such an impact on our specialty. Apart from being 
the first, its importance was clearly recognized by the 
editor of Anesthesiology, and it was published within 
six months of giving curare to the first of 25 patients. 
At last, muscle relaxation could be achieved without 
the risks of deep ether or cyclopropane or high spinal 
anesthesia. The stage was set for the development of 
balanced anesthesia so that the triad of sleep, anal- 
gesia, and relaxation could be achieved safely. Only 
then could surgeons contemplate major intrathoracic 
or abdominal operations in the sick patient. 

The significance of the paper was of even greater 
importance to the growth of the specialty. Now that 
deliberate controlled ventilation was a normal accom- 
paniment of anesthesia, the anesthesiologist learned 
to master his environment, allowing him access to 
developments of intensive care, respiratory medicine, 
and physiology. Within a decade, the techniques of 
anesthesia changed dramatically, pharmacologic de- 
velopment took a new course, and anesthesiologists 
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became involved in the wider aspects of patient care. 
Life became more exciting. 

Despite the revolution that Harold Griffith led, he 
remained a modest and retiring man. To him, it was 
equally important to campaign for the development 
of postanesthetic recovery rooms and intensive care 
units. As Professor and Chairman of the McGill De- 
partment of Anesthesia, he ensured that equal em- 
phasis was given to research, education, and clinical 
care. To him, his greatest achievements were involved 
with the international fellowship of anesthesia, which 
culminated in his appointment as the Founder Pres- 
ident of the World Federation of Societies of 
Anesthesiology. 

During his life Dr. Griffith was the recipient of 
many awards. He was to become the only non-Amer- 
ican to receive the Distinguished Service Award of 
the American Society of Anesthesiology. In 1974, he 
was made an Officer of the Order of Canada. 

We remember a kind man and wise physician who 
changed the direction in which we walk. 

David R. Bevan, MB, MRCP, FFARCS 
Department of Anesthesia 

MeGul University 

Montreal, Canada 
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Halothane and Isoflurane Do Not Decrease Pao, during One-Lung 


Ventilation in Intravenously Anesthetized Patients 


Stephen N. Rogers, MD, and Jonathan L. Benumof, MD 








ROGERS SN, BENUMOF JL. Halothane and isoflurane do 
not decrease PaO, during one-lung ventilation in 
intravenously anesthetized patients. Anesth Analg 
1985;64:946—54. 

We examined the effect of the inhalational anesthetics hal- 
othane (H) and isoflurane (IF) on arterial oxygenation dur- 
ing one-lung ventilation. Twenty consenting patients who 
required thoracotomy and one-lung ventilation were ini- 
tially anesthetized only with the intravenous agents, di- 
azepam, fentanyl, pancuronium, metocurine, and infusions 
of either ketamine or methohexital. A double lumen endo- 
tracheal tube was inserted, and each patient's lungs were 
mechanically ventilated (two-lung ventilation, step 1) with 
100% O, while the patient was in the lateral decubitus 
position. After the pleura was opened, the nondependent 
lung was collapsed while the dependent lung continued to 
be ventilated with 100% O. After serial PaO, measure- 
ments indicated achievement of stable one-lung ventilation 
conditions (step 2), intravenous anesthetic agents were dis- 
continued, and either H (n = 10) or IF (n = 10) was 
administered (step 3) so that PET, = 7.70 + 0.61 mm 
Hg and PET. = 9.89 + 1.08 mm Hg | for more than 15 
min; at the end of step 3, Pay/PET, = = 0.82 (n = 5), 
Pae Peni = 0.75 (n = 5), Pag PET = 0.04 (n = 3), 
and Po PET = 0.68 (n = 3). The inhalational anesthetics 
were then discontinued, and intravenous agents were rein- 
stituted, allowing PET, and PET, to decrease below 0.50 


seaarememrentstntove apna panarunanbirasietesisasenasamneeeennetvaetr ADs UAPO ONAL TA CAA MALES anaana N CD AA OC OCC NT 


mm He (step 4). Two-lung ventilation was resumed at the 
end of the surgical procedure (step 5). PaO, decreased from 
441 + 64 to 252 + 70 mm Hg when one-lung ventilation 
was achieved (steps 1-2), and PaO, increased from 258 + 
72 to 395 + 65 mm Hg when two-lung ventilation was 
resumed (steps 4-5), There was no significant change in 
Pao, during one-lung ventilation either before, during, or 
after the administration of H or IF (steps 2-3 and 3-4). 
The administration of both inhalational anesthetics did not 
cause a significant decrease in cardiac index (n = 20), 
Os/Ot, Pio, or pulmonary artery pressure (n = 10) or 
dependent lung compliance {n = 20). Our primary con- 
clusion is that H and IF do not further impair arterial 
oxygenation during one-lung ventilation in intravenously 
anesthetized patients undergoing thoracotomy. Our respi- 
ratory, hemodynamic, and anesthetic depth measurements 
led us to our second conclusion, by the method of excluding 
other possible explanatory mechanisms, that these drugs 
probably did not inhibit hypoxic pulmonary vasoconstriction 
during one-lung ventilation. 


Key Words: ANESTHESIA—thoracic. ANESTHETIC 
TECHNIQUES—one-lung ventilation. ANES- 
THETICS, vo_atite—halothane, isoflurane. LUNG— 
atelectasis, blood flow, oxygen, shunting. SUR- 
GERY—thoracic. VENTILATION —one-lung. 








Hypoxic pulmonary vasoconstriction (HPV) is con- 
sidered to be an important mechanism by which blood 
flow is diverted away from atelectatic or hypoxic re- 
gions of the lung to its better ventilated normoxic 
regions. This blood flow diversion minimizes venous 
admixture and decreases arterial oxygen tension. Nu- 
merous studies in animals (1-11,13,14) and one hu- 
man volunteer study (12) indicate that the inhalational 
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anesthetics halothane (1-12) and isoflurane (5,13,14) 
inhibit HPV. Extrapolating from these studies, many 
authors have recommended that inhalational anes- 
thetics be used with caution in situations in which 
HPV may be operating, for fear they may precipitate 
arterial hypoxemia (15-18). An example of such a clin- 
ical situation is the use of one-lung ventilation (1-LV) 
to facilitate the performance of thoracic surgery. If 
inhalational anesthetics significantly inhibit HPV in 
humans, and all other factors that might influence 
Pao, remain relatively constant, then the administra- 
tion of inhalational anesthetics during one-lung ven- 
tilation should decrease PaO. We tested this hypoth- 
esis by measuring Pao, before, during, and after the 
administration of halothane and isoflurane to intra- 
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Table 1. Preoperative Demographic Patient Profile 


RA ABG 
Inhalational Patient Age Weight Height ee. 
anesthetic number (yr) (kg) (cm) Pao, Paco, 
Halothane 1 20 45 129 94 36 
2 56 67 178 76 40 
3 63 70 183 72 36 
4 42 71 180 100 42 
5 34 83 180 97 37 
6 59 81 171 64 37 
7 56 75 125 84. 39 
8 66 77 183 65 42 
9 54 70 173 92 34 
10 58 77 165 78 35 
Isoflurane 1 59 56 175 57 44 
2 44 64 103 87 34 
3 62 45 170 41 
4 20 50 130 36 
5 58 52 158 86 38 
6 45 40 135 97 40 
7 60 77 107 72 38 
8 62 55 165 67 36 
9 64 75 184 71 35 
10 64 56 173 69 37 
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PFTS (% of 
ME oa AA Surgical Intravenous 
VC FRC MMEF procedure anesthetic 
— — L subclavian artery M 
resection 
81 135 31 L wedge resection 
110 106 54 L upper lobectomy 
— — — L lung biopsv 
— = — R upper lobectomy 
63 156 17 R Jung biopsy 
75 108 42 Rupper lobectomy 
85 134 32 L upper lobectomy 
1 I2 20 L upper lobectomy 
101 170 18 L upper lobectomy 


R pleurodesis 

L esophageal myotomy 
L decortication 

L lung biopsy 

R upper lobectomy 

L thoracoplasty 

R wedge resect 

L pneumonectomy 

R upper lobectomy 

R upper lobectomy 


59 74 29 
104 111 73 
92 132 35 
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Abbreviations: RA, room air; ABG, arterial blood gases; PFTs, pulmonary function tests; VC, vital capacity; FRC, functional residual capacity; MMEF, 
maximum mid-expiratory flow rate; L, left; R, right; M, methohexital; K, ketamine. 


venously anesthetized patients who required lateral 
thoracotomy and were under stable one-lung venti- 
lation conditions. 


Methods 
Subjects 


This study was approved by the University of Cali- 
fornia San Diego Human Subjects Committee, and all 
subjects gave their informed consent. The subjects 
were twenty adult patients who required thoracotomy 
and one-lung ventilation for various surgical proce- 
dures (Table 1). Subjects were alternatively assigned 
to either a halothane-receiving (n = 10) or isoflurane- 
receiving (n = 10) inhalational anesthetic study group. 
Within these two inhalational anesthetic study groups, 
subjects were alternatively assigned to either a keta- 
mine-receiving or methohexital-receiving intravenous 
anesthetic subgroup. 


Monitoring 


All patients had radial artery catheters placed for ar- 
terial blood pressure (SAP), blood gas, and hemoglo- 


bin measurements. Five patients in each inhalational 
anesthetic study group had central venous catheters 
placed for central venous pressure and dye dilution 
cardiac output measurements. The other five patients 
in each inhalational anesthetic study group had flow- 
directed pulmonary artery catheters inserted via the 
right internal jugular vein for pulmonary artery pres- 
sure (PAP), mixed venous blood gas, and thermodi- 
lution cardiac output measurements. The mean of all 
blood pressures was electronically determined and 
recorded on paper (Hewlett-Packard). In all patients 
the partial pressure (mm Hg) of inhalational anes- 
thetic in end-tidal gas (PET) was measured continu- 
ously by mass spectrometry (Chemtron). The partial 
pressure of inhalational anesthetic in arterial blood 
(Pa) in five patients in each inhalational anesthetic 
study group and in mixed venous blood (Pv) in three 
patients in each inhalational anesthetic subgroup was 
determined by equilibration tonometry gas chroma- 
tography (19) (Hewlett-Packard). Additional moni- 
toring in all patients included esophageal tempera- 
ture, electrocardiogram, peak and plateau inspiratory 
airway pressure, and tidal volume measurements. Ef- 
fective (static) compliance was calculated by dividing 
tidal volume by plateau airway pressure. 


948 ANESTH ANALG 
1985;64 946-34 


Intravenous Anesthesia, Induction, 
and Maintenance 


Subjects either were unpremedicated, or they re- 
ceived diazepam orally, 10 mg, or morphine intra- 
muscularly, 0.1 mg/kg, 1 hr before entering the op- 
erating room. Intravenous anesthesia was induced 
with divided doses of diazepam, 0.15 mg/kg, fen- 
tanyl, 5 ug/kg, and either ketamine, 2 mg/kg, or meth- 
ohexital, 1 mg/kg. Intravenous anesthesia was main- 


tained with a constant infusion of either ketamine, 20 
a ; i 


pancuronium, 0.04 mg/kg, and metocurine, 0.15 mg/kg. 
Additional doses of pancuronium were administered 
as needed for muscle relaxation. During intravenous 
anesthesia, intravenous fluids were administered so 
that neither systemic arterial, central venous, nor pul- 
monary artery diastolic pressures varied by more than 
10% from preinduction values. 


Ventilation 

After anesthetic induction, a left-sided double-lumen 
endotracheal tube (National Catheter Corporation) was 
inserted, and its proper position was confirmed ini- 
tially by unilateral airway clamping and chest aus- 
cultation maneuvers. After the patient was turned 
into the lateral decubitus position, correct positioning 
of the double-lumen endotracheal tube was confirmed 
by fiberoptic bronchoscopy. 

Two-lung ventilation conditions (steps 1 and 5, see 
experimental sequence section for description of the 
five steps) consisted of Fio» 1.0; tidal volume, 12 ml/kg; 
and respiratory rate adjusted to achieve a value of 
Paco, between 35 and 40 mm Hg. One-lung ventila- 
tion conditions (steps 2-4) were Fio» 1.0; tidal vol- 
ume, 10 ml/kg; and respiratory rate adjusted so that 
Paco, was between 35 and 40 mm Hg. 


Inhalational Anesthesia 


Inhalational anesthetics were administered (step 3) 
with a Drager flow-over vaporizer via a circle system 
with a high fresh oxygen flow and initial over-pres- 
sure in order to reach the desired end-tidal inhala- 
tional anesthetic concentration (greater than 1 MAC) 
within 5 min. This end-tidal inhalational anesthetic 
concentration was then held nearly constant for more 
than 15 min. Arterial blood (from five patients in each 
inhalational anesthetic group) and mixed venous blood 
(from three patients in each inhalational anesthetic 
group) was drawn for gas chromatographic deter- 
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mination of inhalational anesthetic concentration by 
equilibration tonometry at the end of the inhalational 
anesthetic administration period. Inhalational anes- 
thetics were then discontinued and end-tidal concen- 
trations allowed to decrease to less than 0.50 mm Hg 
during one-lung ventilation (step 4). During inhala- 
tional anesthesia, intravenous fluids were adminis- 
tered so that neither systemic arterial, central venous, 
nor pulmonary artery diastolic pressures varied by 
more than 15% from preinduction values. 


Experimental Sequence 


Our experimental sequence consisted of five steps. 
Step 1 was two-lung ventilation during intravenous 
anesthesia. Final measurements made during step 1 
were obtained after the pleura was opened. Step 2 
was one-lung ventilation during intravenous anes- 
thesia. One-lung ventilation conditions were initiated 
after the pleura was incised by opening one side of 
the double-lumen tube to atmosphere, and they were 
confirmed by visual observation of lung collapse and 
mediastinal movement. In addition, in order to dem- 
onstrate achievement of stable one-lung ventilation 
conditions, serial arterial blood gas measurements 
(Pao) were obtained during step 2 until two consec- 
utive PaO, determinations were near equal (+32 mm 
Hg) and separated by at least 5 min. Step 3 was to 
discontinue intravenous anesthetics (which ended step 
2) and to administer inhalational anesthesia (as de- 
scribed above) during one-lung ventilation. Step 4 
was to discontinue inhalational anesthesia (which 
ended step 3) and to readminister intravenous anes- 
thesia (as before) during one-lung ventilation. Steps 
2, 3, and 4 were always completed before any pul- 
monary vessels were ligated, and all measurements 
were made when the surgeons were not compressing 
the nondependent lung, blood loss was minimal, and 
the patients were hemodynamically stable. Step 3 was 
two-lung ventilation during intravenous anesthesia. 
We returned to two-lung ventilation conditions under 
intravenous anesthesia near the end of the surgical 
procedure before the pleura was closed. The experi- 
mental sequence and approximate time for each step 
is summarized below. 


Step 1) Two-lung ventilation, intravenous anesthesia 
(20-30 min). 

Step 2) One-lung ventilation, intravenous anesthesia 
(20-40 min). 

Step 3) One-lung ventilation, inhalational anesthesia 
(15-30 min). 
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{able 2. Average Values (+ sp) Obtained at Each Experimental Step in Both Study Groups for Patients (n = 10) 


Experimental Step 


eet ttt a a 


Function Variable Anesthetic 1 (2-LV, IV) 
Ventilation and Pao; (mm Hg) HAL 437 + 87 
gas exchange ISO 445 + 75 
Paco, (mm Hg) HAL 36 = 5 
ISO 38 + 6 
Os/Qt (%)! HAL 20 +4 
ISO Pay eae 
Pao peak’plateau HAL 23/20 + 4/5 
(cm H-0) ISO 26/22 + 5/4 
Cora (mi/em H0O) HAL 45 + 10 
ISO 42 + 11 
Hemodynamics SAP (mm Hg) HAL 92. 
ISO 99 + 11 
CI (Lemin m=?) HAL a 
ISO -— 
PV,“ (mm Hg) HAL 5I- 10 
ISO 54 + 6 
Cla-VjOx (vol %)" HAL 3ra 12 
ISO 3.2 + 0.8 
PAP (mm Hg} HAL ee 
ISO DEl 


2(1-LV, IV) 3 (1-LV, IH)  4(1-LV, IV) 5 (2-LV, IV) 


224 + 108" 234 + 102 237- 105 388 + 94! 
283 116°" Zip 12D 281 + 130 414 + 85” 
3245 35 + 4 oo: ee 36 + 4 
38 + 5 Ip 36 +5 36 + 6 
ei 2s 29 + 10 28 t 9 22 ee 7 
CE 26 C 34 + 12 30 +12 24 + 9 
29/24 + 3/5" 29/25 + 3/6 29/25 + 3/6 26/21 + 4/5" 
S127 EN S127 = N2 3127 #272 20/22 + 3/3" 
31+ 8 32 49 32 2 9 43 + 10 
31 + 8 30-47 32W t7 40 + 10 
92 + 14 r e i 88 + 11° 86 + 8 
95 + 10 78 + 12! 92 + 6” 93 + 8 
3.1 + 0.6 2.9 + 0.9 3.1 + 0.6 — 
3.1 + 0.5 2.8 + 0.5 2.9 05 355 
43 t l 42 ==5 433 48 + 6 
49 +5 S06 44 + 3 50 + 4 
3.9 + 0.5 tai a 4.2 + 0.7 3.7 + 0.7 
3.3 + 0.8 5.1-2 0:4 4.2 + 0.7 3.4 + 0.5 
19 + 2 18°23 19 + 3 i72 
14+ 2 132 14+ 3 13 +2 





Abbreviations: 2-LV, two-lung ventilation; 1-LV, one-lung ventilation; IV, intravenous anesthesia; IH, inhalation anesthesia: HAL, halothane; ISO, 
isoflurane; SAP, systemic arterial pressure (mean); PAP, pulmonary artery pressure (mean); Pao, airway pressure. 


n = 3 patents with pulmonary artery catheters. 
"P < 0.05 compared to previous experimental step. 


Step 4) One-lung ventilation, intravenous anesthesia 
(30-40 min). 

Step 5) Two-lung ventilation, intravenous anesthesia 
(20-30 min). 


Calculations 


The following formulas were used to calculate venous 
admixture in the five patients in each inhalational 
anesthetic study group with pulmonary artery cath- 
eters. Alveolar oxygen tension: 


P,Q. = Flo, X (Ps — Puoo) — Pacos. 
Oxygen content: 
C = (1.34 x Hgb x % Sat) + (0.003 x Pod). 
Venous admixture: 
Òs/Òt = (Cc’O2 —Cao,)(Cc'o2 — Cro). 


Hemoglobin saturation was calculated from PO, cor- 
rected for PCO, pH, and temperature, using the 
method of Kelman (20). 


Statistics 


All results were analyzed by F-test and Student's paired 
t-analysis, with P < 0.05 considered significant. Re- 


sults are expressed as individual patient data and as 
mean + sD for each inhalational anesthetic group. 


Results 


Average values that characterized ventilation and gas 
exchange, and hemodynamics at each experimental 
step in each inhalation anesthetic group are presented 
in Table 2 and Figures 1 and 2. Individual patient end- 
tidal, arterial blood, and mixed venous blood inha- 
lational anesthetic partial pressures are presented in 
Table 3. There was no significant difference between 
results obtained in the ketamine vs methohexital in- 
travenous anesthetic subgroups; thus they are pre- 
sented together in Tables 2 and 3, Figures 1 and 2, 
and in the text. 


Respiration 


Initiation of one-lung ventilation caused a significant 
decrease in PaO>. Figure 1 shows serial Pao, deter- 
minations in individual patients obtained during the 
transition between two-lung and one-lung ventilation 
during intravenous anesthesia (steps 1-2). The Pao, 
represented by the triangles in Figure 1 was taken to 
represent the PaO during stable one-lung ventilation 
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HALOTHANE GROUP 


600 


Figure 1. Changing from two-lung ven- 
tilation (2-LV) to one-lung ventilation (1- 
LV) causes a decrease in Paœ with time. 
Halothane and isoflurane groups refer to 
patients that subsequently receive these 
drugs. In all patients, two successive PaO, 
determinations that were + 32 mm Hg of 
each other and separated by at least 5 min 
indicated stability of the 1-LV condition 
(heavy line segment); the Pao, that was 
taken to represent the 1-LV condition is 
indicated by the large triangles and oc- 
curred between 20 and 37 min after in- 
duction of 1-LV. Individual patients are 
identified by small numbers to the left of 
the final 2-LV Pao, value and are the same 
identification numbers as in Table 1. 


PaO, mmHg 


0 19 
(2-LV) 


TIME (minutes, 1-LV) 


conditions under intravenous anesthesia (step 2). The 
mean + SD one-lung ventilation time represented by 
the triangles for all patients was 27 + 6 min with a 
range of 20-37 min. The mean + sp difference in time 
between the Pao, represented by the triangles and 
the preceding Pao, for all patients was 8 + 4 min 
with a range of 5-20 min. The mean + sD difference 
in Pao, between the Pao, represented by the triangles 
and the preceding Pao, for all patients was 13 + 10 
mm Hg with a range of 0-32 mm Hg. 

There was no significant change in Paco; through- 
out the entire 5-step experimental sequence (Table 2). 
There was a significant increase in both peak and 
plateau inspiratory airway pressures with the initia- 
tion of one-lung ventilation, but they remained con- 
stant during one-lung ventilation (steps 2—4). 


Anesthetic Depth 


Table 3 shows the partial pressure of inhalational an- 
esthetic in end-tidal gas (PET, PET;p) in all patients, 
arterial blood (Pay (n = 5), Pag: (n = 5), and mixed 
venous blood (PVy (n = 3), PV (n = 3)). The average 
end-tidal inhalational anesthetic levels achieved and 
maintained during step 3 were equivalent to 1.45 MAC 
for halothane and 1.15 MAC for isoflurane. The ar- 
terial blood inhalational anesthetic levels obtained in 
five patients in both the halothane and isoflurane in- 
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halation anesthetic study groups averaged 82% and 
75% of the end-tidal levels, respectively. These arte- 
rial blood levels are equivalent to an average of 1.20 
MAC for halothane and 0.88 MAC for isoflurane. Mixed 
venous inhalational anesthetic blood levels obtained 
in the three patients in each study group at the end 
of step 3 averaged 64% and 68% of the end-tidal levels 
for halothane and isoflurane, respectively. These mixed 
venous blood levels corresponded to an average of 
0.95 and 0.82 MAC for halothane and isoflurane, 
respectively. 


Hemodynamics 


There was a significant decrease in systemic arterial 
blood pressure with the administration of either in- 
halational anesthetics (Table 2). There was a small but 
nonsignificant decrease in both cardiac index and pul- 
monary artery pressure with the administration of 
inhalational anesthetics in both groups (Table 2). There 
was no significant change in arteriovenous oxygen 
content difference or mixed venous oxygen tension 
associated with the administration of inhalational an- 
esthetics (Table 2). 


Arterial Oxygenation | 


Figure 2 and Table 2 show average Pao, results, and 
Figure 2 also shows individual patient Pao, results 
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obtained at each experimental step in both inhala- 
tional anesthetic study groups. There was no signif- 
icant decrease in the PaO, obtained during adminis- 
tration of either halothane or isoflurane (end of step 
3) compared to that obtained under intravenous anes- 
thesia during one-lung ventilation (steps 2 and 4). 
Table 2 also shows the average venous admixture cal- 
culated for the five patients in each study group with 
pulmonary artery catheters. There was no significant 
change in venous admixture associated with the 
administration of halothane or isoflurane during one- 
lung ventilation. 


Discussion 

We found that halothane and isoflurane do not fur- 
ther impair arterial oxygenation during one-lung ven- 
tilation in intravenously anesthetized patients. Con- 
sideration should be given to several key issues, 
namely, the stability of the one-lung ventilation con- 
ditions, the presence of HPV in the atelectatic lung, 
and the achievement of an adequate atelectatic lung 
concentration of inhalational anesthetic. 

Crucial to the interpretation of our findings that 
halothane and isoflurane did not impair arterial ox- 
vgenation during one-lung ventilation is evidence that 
we achieved stable one-lung ventilation conditions in 
each patient. It is possible that not enough time was 
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Figure 2. Changes in Pao, throughout 
the entire experimental sequence (experi- 
mental steps 1-5) Abbreviations: 2-LV, 
two-lung ventilation; 1-LV, one-lung ven- 
tilation; IV, intravenous anesthesia; IH, 
inhalational anesthesia. The 2-LV and first 
1-LV Pao. values are the same as the first 
and last (triangles) Pao, values in Figure 
1, Patients are divided according to the 
inhalational anesthetic drug they received 
(halothane or isoflurane}. Open circles are 
individual patient data and closed circles 
are mean + SD for each group (same val- 
ues as in top row of Table 2). 


allowed for complete stabilization of one-lung venti- 
lation during step 2; decreases in blood flow to canine 
atelectatic lung recently were found not to be maximal 
until 60 min (21). However, there are three arguments 
that support the contention that one-lung ventilation 
conditions had stabilized by the end of step 2. First, 
and most important, serial PaO, determinations (Fig. 
1) demonstrated two near-equal Pao, values sepa- 
rated by at least 5 min in each patient. Second, pre- 
vious studies during one-lung ventilation in humans 
suggest that Pao, and Qs/Qt stabilizes within 15-20 
min (22,23), and we maintained one-lung ventilation 
under intravenous anesthesia (step 2) for at least 20 
min in every patient. Third, there was no significant 
difference between Pao during step 2 compared to 
step 4. PaO, measurements during step 4 were ob- 
tained at least 60 min after the initiation of one-lung 
ventilation. 

Our Qs/Qt calculations in the patients that had pul- 
monary artery catheters and the PaO. measurements 
in all patients indicate that blood flow to the non- 
dependent lung was markedly decreased when it was 
nonventilated. Average Os/Ot during two-lung ven- 
tilation was approximately 20%. If this shunt were 
shared equally by both lungs, then the dependent 
lung would be responsible for about a 10% shunt. 
During one-lung ventilation average total shunt was 
approximately 30%. Assuming that all of the 10% in- 
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Table 3. Individual Patient Anesthetic Depth Level at the End of Experimental Step 3° 


Patient PET Pa Pv 
Anesthetic number (mm Hg) (mm Hg) (mm Hg) 


Halothane 1 7.86 — — 
2 6.72 — — 
3 7.34 — — 
4 7.02 — — 
5 7.55 — — 
6 7.55 4.53 — 
7 8.31 7.55 — 
8 8.46 6.19 4.91 
9 8.38 7.93 4.76 
10 8.15 7.78 6.42 
Mean 7.70 6.79 5.36 
+ SD +0.61 +1.44 +0.91 
Isoflurane 1 9.89 — — 
2 8.76 5.06 ii 
3 10.04 — -—— 
4 10.95 — -— 
5 10.80 — — 
6 7.55 _ = 
7 9.82 4.76 — 
8 10.42 8.38 7:995 
9 10.04 9.29 7.02 
10 10.95 10.65 6.72 
Mean 9.89 7.63 7.10 
+ $D +1.08 +2.61 +0.42 


Pa Pv PET Pa PV 
PET PET (MAC) (MAC) (MAC) 
0.60 - 1.33 0.80 = 
0.91 S 1.47 1.33 = 
0.73 0.58 1.49 1.09 0.87 
0.95 0.57 1.48 1.40 0.84 
0.93 0.77 1.48 1.37 1.13 
0.82 0.64 1.45 1.20 0.95 
+0.15 +0.11 +0.07 +0.25 +0.16 
0.58 z 1.01 0.58 Sa 
0.49 hal 1.13 0.55 m 
0.80 0.73 1.20 0.97 0.87 
0.93 0.70 1.16 1.07 0.81 
0.97 0.61 1.26 1.23 0.77 
0.75 0.68 1.15 0.88 0.82 
+0.21 +0.06 +0.09 +0.30 +0.05 


“Abbreviations: Per, partial pressure end tidal; Pa, partial pressure arterial; Pv, partial pressure mixed venous; MAC, minimum alveolar concentration. 


crease in shunt (20-30%) occurred in the lung that 
was not being ventilated, the nonventilated nonde- 
pendent lung would have been responsible for a 20% 
shunt (and 20% of the total pulmonary blood flow). 

__ There are several possible reasons why blood flow 
to the nondependent lung was markedly decreased 
when it was nonventilated. First, although surgical 
interference ordinarily may be a cause of reduced non- 
dependent nonventilated lung blood flow, we made 
our measurements when the lung was not being ma- 
nipulated. Second, extensive preoperative disease in 
the nondependent lung may markedly decrease non- 
dependent lung blood flow. The induction of one- 
lung ventilation in a markedly diseased lung may not 
decrease Pao, because the lung has only a small amount 
of blood flow to begin with. This may have been the 
case in three of our patients (numbers 3 and 6 in the 
group given isoflurane, and number 6 in the group 
given halothane) who had extensive preoperative 
consolidation of the operated (collapsed) lung, and 
minimal changes in Pao, with one-lung ventilation. 
However, all the rest of our subjects had either small, 
well localized tumors or no pulmonary pathology and 
had significant decreases in Pao, with one-lung ven- 


tilation. The range of PaO2 responses to one-lung ven- 
tiation we observed is consistent with previous find- 
ings (12,18;22,23). Third, blood flow to the 
nondependent lung is reduced by the force of gravity. 
Thus when the right lung is nondependent, it should 
receive 45% of total blood flow (as opposed to 55% 
of total flow in the upright and supine positions); and, 
when the left lung is nondependent, it should receive 
35% of total blood flow (as opposed to 45% of total 
flow in the upright and supine position) (24,25). Con- 
sequently, hydrostatic factors alone cannot explain 
the magnitude of decreased blood flow to the non- 
dependent lung when it was nonventilated. Finally, 
blood flow to the nondependent lung can be de- 
creased by HPV. Since the other three mechanisms 
were either absent (the first one), present in only a 
small number of patients (the second one), or made 
only a relatively minor contribution (the third one), 
the HPV mechanism was probably the major one and, 
therefore, requires further comment. 

The following logic supports the contention that 
blood flow to the nondependent lung was acutely 
reduced by HPV when it was nonventilated. If the 
nondependent lung, when ventilated, received an av- 
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erage of 40% of the total pulmonary blood flow (see 
above), and when nonventilated received 20% of the 
total pulmonary blood flow (see above), nondepen- 
dent lung blood flow must have decreased by an av- 
erage of 50% during one-lung ventilation (40-20% of 
total pulmonary blood flow). If the initial two-lung 
ventilation shunt of 20% was distributed 15% to the 
dependent lung (as it might well be due to compres- 
sion of the dependent lung) and 5% to the nonde- 
pendent lung, then similar reasoning would result in 
an average decrease in nondependent lung blood flow 
of 62%. These numbers (50-62%) are very close to the 
amount of blood flow reduction expected of single 
lung HPV (26). The contention that blood flow to the 
nondependent lung was decreased by HPV is also 
consistent with previous studies showing that the ma- 
jor mechanism of decreased blood flow to atelectatic 
lung is by HPV (as opposed to mechanical factors) 
z 2s; Aa Tae A is ae een with Ce 


Sanat 


venous aneio A on HPV v2, AAU, 18, 29,30): 
In addition, our Pao, values during two-lung venti- 
lation were also consistent with the contention that 
intravenous anesthesia did not significantly impair 
arterial oxygenation (or HPV). 

The nonventilated lung was probably exposed to 
a clinically significant depth of inhalational anes- 
thetics during step 3 for several reasons. First, we 
demonstrated clinically relevant end-tidal levels in all 
patients, arterial blood levels in 50% of the patients, 
and venous blood levels in 30% of the patients. The 
nonventilated lung tissue level of inhalational anes- 
thetic is most closely approximated by the mixed ve- 
nous blood level, although the arterial (bronchial) blood 
level has increased importance under these circum- 
stances. The time constant (7) for lung tissue equili- 
bration with mixed venous blood for halothane is 0.7 
min [7 = tissue capacity/tissue blood flow = (volume 
of tissue) x (tissue — blood partition coefficient)/tissue 
blood flow = 0.5L x 2.0/1.5 L = 0.7 min] (31,32). 
Second, our measurements were made at a time when 
the surgeons were not pressing or retracting the ate- 
lectatic lung, so that the atelactatic lung should have 
been evenly perfused (although with a reduced per- 
fusion). Third, it is probable that the mixed venous 
blood is more important than the tissue level of in- 
halational anesthetics because the main site of HPV 
is in the pulmonary arterioles. Thus given the dura- 
tion of our inhalational anesthetic administration at 
the reported constant end-tidal levels, the arterial and 
mixed venous blood levels, and that the atelectatic 
lung was most likely well and evenly perfused, we 
are confident that we achieved clinically significant 
nonventilated lung inhalational anesthetic levels. 

One possible interpretation of our findings that Pao, 
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did not decrease with the administration of inhala- 
tional anesthetics during one-lung ventilation is that 
halothane and isoflurane inhibited HPV in the non- 
ventilated lung, but that this negative effect on Pao, 
was offset by some other process tending to increase 
arterial oxygenation. Possible offsetting processes in- 
clude mechanical (surgical) compression of the vessels 
in the collapsed lung, an increase in PVo,, a decrease 
in PAP, and an improvement in ventilation/perfusion 
relationships in the ventilated lung. Each of these 
offsetting processes are unlikely occurrences in our 
study. First, although mechanical compression of ves- 
sels in the nonventilated lung would be expected to 
redistribute blood to the ventilated lung and thus in- 
crease Pao, we had the cooperation of our surgical 
colleagues to ensure that no manipulation, retraction, 
or clamping of either lung occurred during steps 1—4. 
Step 5 occurred near the end of the surgical procedure 
after any pulmonary surgery (usually lobectomy) had 
been completed. Second, an increase in cardiac out- 
put or a decrease in oxygen consumption would be 
expected to increase Pvo, and thus increase PaO: in- 
dependent of changes in Qs/Qt. Not only was there 
no significant change in cardiac output during step 3 
but, in the five patients with pulmonary artery cath- 
eter monitoring, there was no significant change in 
PVo, or calculated C(a-V)O2. Third, a decrease in PAP 
would be expected to decrease flow to the nonde- 
pendent nonventilated lung. In the five patients in 
each group with pulmonary artery catheter monitor- 
ing there was no change in PAP, suggesting that no 
significant redistribution of flow due to a change in 
PAP occurred. These PAP findings are consistent with 
previous reports in humans (33,34). Fourth, the bron- 
chodilating effects of inhalational agents might have 
improved ventilation/perfusion matching in the ven- 
tilated lung so as to offset any adverse effects of the 
inhalational anesthetics on Pao, or Qs/Qt. There was 
no change in dynamic or static lung compliance (as 
indicated by the constant peak and plateau inspira- 
tory airway pressures) indicating that significant 
bronchodilation did not occur. 

If all other factors that affect Pao. are constant, 
inhibition of regional HPV should decrease Pao». Be- 
cause none of the above offsetting mechanisms can 
explain our primary finding of no change in Pao, with 
administration of inhalational anesthesia during one- 
lung ventilation, we conclude secondarily that halo- 
thane and isoflurane do not significantly inhibit HPV 
at approximately 1-MAC doses in humans. Differ- 
ences between our study and the large number of 
previous animal studies concerning the effects of in- 
halational anesthetics on HPV, which arrived at an 
opposite conclusion from ours, include use of differ- 
ent species (35-37) and different methodology (such 
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as use of pump perfused preparations); both of these 
considerations may involve altered neural, chemical, 
and humoral influences (38,39). Because both halo- 
thane and isoflurane have a number of desirable prop- 
erties (allow use of a high Fio», are rapidly elminated, 
have a salutary effect on bronchomotor tone) in ad- 
dition to not adversely affecting arterial oxygenation 
during one-lung ventilation, we think they are desir- 
able anesthetics to use for thoracic surgery. 
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Comparison of requirements for hepatic injury with 
halothane and enflurane in rats. Anesth Analg 
1985;64:955--63. 


A rat model of enflurane-associated hepatotoxicity was com- 
pared with the halothane—hypoxia (HH) model (adult male 
rats, phenobarbital induction, 1% halothane, 14% Os, for 
2 hr). The enflurane-hypoxia heating (EHH) model involved 
exposing phenobarbital-pretreaied male adult rats to 1.5-1.8% 
enflurane at 10% Oy for 2 hr with external heating to help 
maintain body temperature. Exposure to either anesthetic 
without temperature support led to a decrease in body tem- 
perature of 7-9C, while heating the animals during anes- 
thesia resulted in only a 0.3-2°C decrease. Reducing the 
oxygen tension to 10% O, combined with heating the an- 
nals during exposure produced significant decreases in the 
oxidative metabolism of both halothane and enflurane as 
compared to exposures of 14% Os. The same conditions also 


caused a significant increase in the reductive metabolism of 


halothane, indicating that a severe hepatic hypoxia or anoxia 
occurs during anesthesia at 10% O, with external heating. 


PhD, and 
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The time course of lesion development in the HH model 
paralleled results obtained with an eral dose of CCl,: gradual 
progression of necrosis up to 24 hr. EHH resulted in a 
classic hypoxicianoxic injury with elevated serum glutamate 
pyruvate transaminase values and a watery vacuolization 
of centrilobular hepatocytes immediately after exposure. The 
HH model required phenobarbital pretreatment of the rats 


for expression of hepatic injury; EHH did not. Heating of 


the animals during anesthesia exposure was necessary for 
enflurane-induced hepatotoxicity but had little effect on the 
HH model. Exposure to 5% O, without anesthetic mimicked 
EHH in both requirements for and type of hepatic injury. 
Thus the HH model appears to act via a_bioactiva- 
Honichemotoxic mechanism, whereas models of anesthetic- 
induced hepatotoxicity that require very low oxygen ten- 
sions and heating of the animals during exposure result 
from a severe hypoxta/anoxta of the liver. 


VOLATILE—enflurane, 
HYPOXIA— 


Key Words: ANESTHETICS, 
halothane. LIVER—hepatotoxicity. 
hepatotoxicity. 
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A unifying mechanism of anesthetic-induced hepa- 
totoxicity has recently been promoted based on hy- 
poxic/anoxic processes (1,2). Extensive centrilobular 
necrosis was produced in phenobarbital (PB) pre- 
treated male rats by exposure to halothane, enflurane, 
isoflurane, thiopental, or fentanyl even at subanes- 
thetic concentrations. The exposures were carried out 
at 10% O; for 2 hr with warming of the animals to 
maintain normothermia. It was concluded from these 
studies that all anesthetics produce hepatic injury via 
a hypoxic/anoxic mechanism. A previously developed 
animal model of halothane-associated liver injury, 
halothane-hypoxia (HH), involves exposing PB-treated 
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male rats to 1% halothane at 14% O, for 2 hr (3,4). 
The ability of this animal model to produce hepatic 
necrosis has been attributed to a chemotoxic mecha- 
nism involving binding of reactive metabolic inter- 
mediates to subcellular macromolecules (4,5). This 
study compares the requirements for production of 
hepatotoxicity and the resultant hepatic lesions 
produced in the HH model and a model of enflurane- 
induced hepatotoxicity in rats. 

Enflurane was chosen as an agent capable of pro- 
ducing a purely hypoxic/anoxic hepatic injury because 
it has been shown that enflurane produces neither 
reactive metabolic intermediates in vivo (5) nor hep- 
atotoxicity under exposure conditions identical to the 
HH model (6). For these experiments an enflur- 
ane-hypoxia heating (EHH) hepatotoxicity model was 
used in which PB-pretreated male rats were exposed 
to 1.5-1.8% enflurane at 10% O; for 2 hr with external 
heating to help maintain body temperature (2). 

In this study the metabolism of halothane and en- 
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Table 1. Serum Fluoride Concentrations Immediately 
after Exposure to Enflurane’ With or Without External 
Heating to Help Maintain Normothermia 








Oxygen 
concentration External Serum fluoride“ 
(% Oz) heating” (uM) H 
14 = 95 + 14 4 
14 + 15.0.2 no 4 
10 — 7.22 D235 5 
10 + 4.9 + 2.9! 4 





*Phenobarbital induction, 1.8% enflurane, 2 hr. 

yes (--), no external heating during exposure; (+), external heating. 
Values are X + SD. 

ip < 0.05 versus 14% O; exposures. 


flurane during exposure at different oxygen concen- 
trations and body temperatures is investigated as well 
as the chronology of the ensuing of hepatotoxicity. 
Also contrasted are differences between the two models 
in so far as phenobarbital pretreatment and heating 
of the animals during anesthesia determine the inci- 
dence and severity of hepatic injury. Results from 
exposure to the classic hepatochemotoxin carben tet- 
rachloride (CCI,) (7), or severe hypoxia (5% Oz) alone 
are also compared with the two anesthetic-related 
models. 


Materials and Methods 


Animals 


Male Sprague-Dawley rats (250-350 g) from Hilltop 
Lab Animals (Scottsdale, PA) were housed in stainless 
steel cages in an isolated room and maintained on a 
12-hr light/dark cycle at a temperature of 22°C. Stan- 
dard laboratory rat chow and water were provided 
ad libitum. Hepatic biotransformation enzymes were 
induced via a single intraperitoneal injection of 100 
mg/kg PB followed by 5 days of 1 mg/ml of PB in the 
drinking water. 


Exposure Conditions 


Exposures of the rats to the anesthetics or hypoxia 
were carried out on the sixth day for 2 hr in a 180-L 
plexiglass exposure chamber equipped with a circu- 
lating fan. Halothane (Ayerst Laboratories, New York, 
NY) and enflurane (Ohio Medical Products, Madison, 
WI) were delivered at a flow rate of 6 L/min via a 
Vernitrol vaporizer (Ohio Medical Products, Madi- 
son, WI), mixing N, and O; to produce desired atmo- 
spheres. Concentrations of the anesthetics were mon- 
itored by gas chromatography and oxygen tensions 
with a polargraphic oxygen electrode, as previously 
described (6). Warming the animals to help maintain 
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Table 2. Effect of Oxygen Tension and External Heating 
to > Help Maintain Normothermia on Serum Metabolite 
Levels Immediately after Exposure to 0.5% Halothane“ 


Oxygen 
concentration External Serum fluoride Serum TFA‘ 

{% O) heating” (uM) (uM) n 
14 ~- 8.7 + 5.6 783 + 207 4 
14 + 8.3 = 3.4 683 + 260 5 
10 = 19.2 + 5.4 495 + 64 4 
10 + 37.4 > 14.8! 309 + 105 5 

Values are X = sp. 


Phenobarbital induction, 2 hr exposure. 

"Symbols: (~~), no external heating during exposure; (+ ), external heating. 
‘TFA, trifluoroacetic acid. 

“P< 0.05 versus all others. 

eP < 0.05 versus 14% O exposures. 


body temperature was accomplished with two 20-W 
heaters attached to the underside of a metal plate that 
served as the floor of the chamber and upon which 
the animals laid during anesthesia. Animals were po- 
sitioned during anesthesia so that they were sepa- 
rated from each other by a space of approximately 2 
cm. Air temperatures in the chamber during expo- 
sures were 24-26°C without the heaters on and 31~32°C 
with heating. The floor of the chamber was a constant 
35°C with the heaters on. Body temperatures were 
monitored using rectal probes attached to a tele- 
thermometer (Yellow Springs Instruments, Yellow 
Springs, OH). 

The EHH model included PB pretreatment of the 
animals followed by exposure to 1.5-1.8% enflurane 
at 10% O; for 2 hr with heating to help maintain body 
temperature. The HH model was produced by ex- 
posure of PB-pretreated rats to 1% halothane, 14% O» 
for 2 hr. As a positive control for a hepatic chemo- 
toxin, previously untreated rats were given 1 ml/kg 
CCl, dissolved in an equal volume of corn oil by oral 
gavage. Severe hypoxia exposures were carried out 
at 5% O, for 2 hr with or without the chamber plate 
heaters on. 

At appropriate times, animals were killed by cer- 
vical dislocation, and blood was drawn from the in- 
ferior vena cava at the juncture with the hepatic vein. 
Serum was obtained by centrifugation and stored at 
4°C. Serum glutamate pyruvate transaminase (SGPT) 
levels were determined (Sigma Technical Bulletin No. 
55-UV; Sigma Chemical Company, St. Louis, MO) 
and expressed in Wroblewski-LaDue (W—-L) units. 
Serum inorganic fluoride was measured with Orion 
selective ion electrodes (Orion Research, Cambridge, 
MA) and serum trifluoroacetic acid (TFA) levels by a 
gas chromatographic headspace technique (8). 

Sections of hepatic tissue from the various treat- 
ment groups were fixed in 10% phosphate buffered 
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Table 3. Effect of External Heating to Help Maintain 
Normothermia on Serum Metabolite Levels Immediately 
after Exposure in the Halothane~Hypoxia Model’ 


External Serum fluoride Serum TFA" 
heating” (uM) (uM) 
— 21 a 1,240 + 530 
+ 28 + 6 950 + 310 
fe 4. 


“Phenobarbital induction, 1% halothane, 14% Oy, 2 hr. 

“Symbols: (~ ), no external heating during exposure; (+), external heating. 
“TFA, trifluoroacetic acid. 

“Values are X + sp and are not significantly different. 


Table 4. Time Course of Development of Hepatic Injury 
after Exposure to Anesthetic Models or CCI, 

SGPT 
(W-L units/ml) 


Time” 
(hr) HH” CCL’ EHH” 
0) 24 + 3 —— 205: = 273° 
(4) (14) 
È 28 + 10 26 £ 1 one 
(4) (3) 
6 29+ 5 39 + 12 232) 25190 
(4) (3) (3) 
12 54 + 31 114 + 95 — 
(4) (4) 
24 105 + 70 289 + 414 288 + 287 
(9) (4) (9) 


All values are X = $S) 


Number of animals in parentheses. 

“Time after exposure or dosing. 

*Phenobarbital pretreatment, 1% halothane, 14% O, 2 hr. 

"1 ml/kg orally 50:50 in corn oil. 

“Phenobarbital pretreatment, 1.5-1.8% enflurane, 10% O», 2 hr, with 
external heating to help maintain normothermia. 

P < 0.05 vs other values at same time point. 

'P < 0.05 vs 0, 2, 6 hr post HH exposure. 


formalin and processed into 7-4m thick slices that 
were stained with hemotoxylin and eosin for subse- 
quent histopathologic evaluation. 


Experimental Protocol 


The effects on the metabolism of halothane and en- 
flurane of decreasing oxygen tension and heating the 
rats to help maintain normothermia during anesthesia 
was evaluated by measuring serum TFA and fluoride 
ion levels immediately after exposure. TFA produc- 
tion is a measure of the oxidative biotransformation 
of halothane, while fluoride levels are an indication 
of reductive metabolism (9). Enflurane undergoes bio- 
transformation only by an oxidative pathway, releas- 
ing fluoride ions (9). Thus serum fluoride levels after 
enflurane anesthesia are considered a marker of its 
oxidative metabolism. Animals (n = 4 or 5) were ex- 
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Table 5. Requirement of Prior Hepatic Enzyme Induction 
for Development of Hepatotoxicity after Exposure to 
Anesthetics or Severe Hypoxia Alone 








SGPT 
a (W-L units/ml) 
Time’ 
Treatment (hr) Noninduced® Induced‘ 
HH” 24 25 +9 105 + 70° 
(9) (9) 
EHH 0 166 + 228 205 + 273 
| (4) (14) 
Severe hypoxia’ 0 9A 2520 81 + 57 
(5) (4) 


All values are X + sp. 

SGPT in untreated animals is 24 + 6 W-L units/ml. 

Number of animals is in parentheses. 

“Time after end of exposure. 

"No phenobarbital pretreatment. 

‘Phenobarbital pretreatment. 

“1% halothane, 14% O, 2 hr. 

1.5-1.8% enflurane, 10% O, 2 hr, with external heating to help maintain 
normothermia. 

S% Os, 2 hr, with external heating. 

sP < 0.05 vs noninduced value; other induced vs noninduced values not 
significantly different. 


Table 6. Role of External Heating for Development of 
Hepatotoxicity after Exposure to Anesthetics or Severe 
Hypoxia Alone 





SGPT 
(W-L units/ml) 





Time? Without external With external 
Treatment (hr) heating” heating’ 
HH: Q 24 +3 Ze + 2 
(4) (3) 
24 105 + 70 106 + 45 
(9) (4) 
EHH? 0 ND 205 + 273 
(14) 
24 Bf eS 288 + 287! 
(9) (9) 
Severe hypoxia‘ 0 24 + 3 81 + 57 
(4) (4) 


ND, not determined. 

All values are X + sp. 

SGPT in untreated animals is 24 + 6 W--L units/ml. 
Number of animals is in parentheses. 

“Time after end of exposure. 

"During 2 hr exposure. 

‘Phenobarbital induction, 1% halothane, 14% Oz, 2 hr. 
“Phenobarbital induction, 1.5-1.8% enflurane, 10% O, 2 hr. 
“Phenobarbital induction, 5% Os, 2 hr. 

'P < 0.05 vs hypothermic values. 


posed to 1.8% enflurane or 0.5% halothane at 14 or 
10% Oz with or without external heating to help main- 
tain body temperature. Halothane concentration was 
reduced to 0.5% in order for the animals to survive a 
2-hr exposure at 10% O2. Animals (1 = 4) were also 
exposed under conditions of the HH model (1% hal- 
othane, 14% O, 2 hr) with or without external heating 
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Figure 1. Photomicrograph of a rat liver section immediately after 
exposure to the halothane hypoxia model (125x H & E). 


in order to observe the effects of maintaining body 
temperature during halothane exposure on serum 
metabolite levels immediately after anesthesia. 

The temporal evolution of hepatotoxicity, as mea- 
sured by elevations in SGPT, was compared between 
the HH and EHH models and a group of rats given 
CCl, by killing the animals at various times up to 24 
hr after treatment (n = 3-14 per time point). 

The necessity of prior hepatic enzyme induction 
and heating of the animals during exposure in order 
to obtain hepatic lesions was evaluated in both the 
HH and EHH models (n = 4-14 in each group). Be- 
cause an almost immediate increase in SGPT is in- 
dicative of a hypoxic/anoxic liver injury (10), blood 
samples were taken at the end of the enflurane ex- 
posures. In evaluating the requirement of maintaining 
normothermia in the enflurane model, blood samples 
were also collected 24 hr after exposure. The necessity 
of PB pretreatment and external heating was also eval- 
uated for the development of hepatic injury imme- 
diately after exposure to severe hypoxia (5% O+») alone 
(n = 4 or 5). 


Statistical Analysis 


Comparison of values was made using analysis of 
variance (ANOVA) or a one-tailed Student's t-test when 
applicable. For SGPT, the log of the value was used 
for analysis because standard deviations increased with 
increasing means. 


Results 

Effect of Anesthesia on Body Temperature 

Both halothane (1%) and enflurane (1.5-1.8%) anes- 
thesia caused similar time-dependent decreases in rectal 
temperatures of 7.9 + 1.4°C (X + sp, n = 11) over 2 
hr in rats that received no thermal support, while the 
temperatures of animals externally heated to help 


maintain normothermia decreased only 1.2 + 0.8°C 
(X + SD, n = 10). 


Effect of Inspired Oxygen Tension and Body 
Temperature during Anesthetic Exposure on the 
Degree of Biotransformation 

When animals were heated to help maintain body 


temperature and inspired 10% O, during exposure to 
enflurane (1.8%) or halothane (0.5%), the levels of 
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oxidative biotransformation of each anesthetic were 
significantly less than levels occurring during expo- 
sures at 14% O, under either hypothermic or tem- 
perature-supported conditions (Tables 1,2). The re- 
ductive metabolism of halothane, as indicated by serum 
fluoride levels, increased twofold when the oxygen 
concentration was reduced from 14 to 10% in hypo- 
thermic rats and fourfold if the oxygen was reduced 
from 14 to 10% in temperature-supported animals (Ta- 
ble 2). Heating to help maintain normothermia during 
halothane exposure at 14% O, had little effect on serum 
fluoride and TFA levels when compared to hypo- 
thermic exposures, regardless of whether the halo- 
thane concentration during exposure was 0.5% (Table 
2) or 1% (Table 3). 


Time Course of Hepatic Injury 

The time course for development of hepatic damage 
in the HH model paralleled that observed in rats given 
CCl, (Table 4). However, SGPT values in EHH-ex- 
posed rats increased immediately after exposure and 
remained elevated even 24 hr after exposure. The im- 
mediate increase in SGPT values is indicative for a 
hepatic injury resulting from a hypoxic/anoxic episode 
(10,11) and mimics results observed in animals ex- 


Figure 2. Photomicrograph of a liver section froma rat immediately 
after exposure to the enflurane-hypoxia heating model (125x H& 
Ej. 


posed to 2 hr of severe hypoxia (5% O2) with external 
heating (Table 5). 


Effect of Phenobarbital Pretreatment on 
Anesthetic-Induced Hepatotoxicity 


Prior induction of hepatic enzyme levels with PB proved 
necessary for the development of liver injury in the 
HH model as indicated by the fourfold increase in 24- 
hr SGPT levels in the PB-pretreated animals, but not 
in noninduced animals (Table 5). In the EHH model, 
pretreatment with PB was not necessary for hy- 
poxic/anoxic hepatic injury to occur, as expressed by 
an immediate increase in SGPT after exposure. Ap- 
proximately 10-20% of the animals exposed to EHH 
had SGPT levels in the range of 1000-3000 units/ml 
and were omitted from the table to minimize data 
variation for comparative purposes. Phenobarbital 
pretreatment was also not necessary to produce the 
immediate hepatic injury associated with exposure to 
severe hypoxia (5% O2) plus external heating. 
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Figure 3. Photomicrograph of a liver section 24 hr after exposure 
of the rat to halothane-hypoxia model (125x H & E). 


Effect of Body Temperature on Anesthetic-Induced 
Hepatic Injury 

External heating to help maintain normothermia had 
no effect on the hepatic injury resulting from exposure 
of phenobarbital-pretreated rats to 1% halothane at 
14% O., for 2 hr (Table 6). However, the hepatotoxicity 
associated with exposure to 1.5-1.8% enflurane at 10% 
O> for 2 hr was dependent upon maintenance of the 
rat's body temperature. A similar requirement of ex- 
ternal heating for the expression of hepatotoxicity was 
observed with the animals exposed to severe hypoxia 
(5% O2) for 2 hr. 


Pathologic Observations 


In the HH model hepatic architecture was normal 
immediately after exposure to halothane (Fig. 1), while 
immediately after exposure to EHH a watery vacu- 
olization of hepatocytes occurred in centrilobular areas 
(Fig. 2). This water vacuolization, which is indicative 
of hypoxic/anoxic liver injury (11), was also observed 
immediately after exposure to severe hypoxia com- 


bined with external heating. The watery vacuolization 
stained negatively for fat utilizing an OsQ, stain on 
frozen sections. The HH model showed gradual pro- 
gression to the primarily vacuolative injury observed 
24 hr after exposure (Fig. 3). With the EHH model, 
frank coagulative hepatic necrosis was observed in 
some animals within 6 hr of exposure. Coagulative 
necrosis was also observed in most of the samples 
taken 24 hr after EHH in addition to a vacuolative 
injury similar to that seen in the 24-hr HH samples 
(Fig. 4). 


Discussion 


Major differences between the previously reported 
HH model (3,4) and the enflurane-induced hepato- 
toxicity model of Shingu et al. (1,2) were noted. The 
chronology of development of liver lesions, the con- 
ditions needed for the models to produce hepatic in- 
jury, and the pathologic characterization of the initial 
injuries were quite dissimilar. The HH model fol- 
lowed a time course of SGPT elevation and appear- 
ance of pathologic changes that is similar to CCl,- 
induced hepatotoxicity, while EHH produced a classic 
hypoxic/anoxic injury immediately after exposure. The 
HH model required PB pretreatment for expression 
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Figure 4. Photomicrograph of a liver section 24-hr after exposure 
of the rat to enflurane-hypoxia-heating model (125 x H & E). 


of hepatic injury; the EHH model did not. Hepato- 
toxicity resulting from enflurane exposure at 10% O, 
required heating of the animals during anesthesia. 
Whether or not the animals were heated seemed to 
have little effect on the HH model. 

Hypothermia during HH anesthesia in rats has been 
reported and alluded to as a hepatoprotective mech- 
anism (12). Although our animals typically demon- 
strated a time-dependent temperature depression of 
7-9°C during exposure to HH, they still developed a 
hepatic lesion. Shingu et al. also found halothane to 
be hepatotoxic in rats when hypothermia was allowed 
to develop during exposure in 10% Oz, while other 
anesthetics tested did not cause hepatic injury under 
the same exposure conditions (13). In our experi- 
ments, even the animals that were heated during an- 
esthetic exposure developed a 0.5-2°C drop in body 
temperature. This mild hypothermia was not suffi- 
cient to affect lesion development in either of the an- 
esthetic models. But, our allowing the slight temper- 
ature depression to occur did avoid heating the rats 
above normothermia, which can greatly exacerbate 
the hepatic injury resulting from HH exposure (12). 





ANESTH ANALG 961 
1985;64:935-63 


© et Wa WH a 


f 


External heating to help maintain body tempera- 
ture greatly increased the hypoxic state of the liver 
when the rats were exposed to the anesthetics in 10% 
O- as indicated by the decreased oxidative metabolism 
of halothane and enflurane and increased reductive 
metabolism of halothane (Table 1,2). The increase in 
hepatic hypoxia due to external heating was much 
less pronounced when the rats were exposed in 14% 
O, (Tables 1-3). This enhanced state of hyp- 
oxia/anoxia in the liver created by the combination of 
a 10% O, atmosphere coupled with external heating 
during anesthesia was a prerequisite for the enflur- 
ane-induced hepatic injury (EHH). In the HH model, 
external heating to help maintain normothermia dur- 
ing exposure did not alter the level of toxicity obtained 
at 24 hr, nor was any elevation in SGPT noted im- 
mediately after exposure as was observed with hy- 
poxic/anoxic liver injury (Table 6). 

Induction of hepatic drug metabolizing enzymes 
by PB pretreatment was necessary to obtain hepato- 
toxicity in the halothane model, but not with the EHH 
model or with exposure to severe hypoxia (5% Op) 
with external heating (Table 5). This lends credence 
to the theory that enhanced biotransformation of hal- 
othane to reactive intermediates resulting from en- 
zyme induction and mildly hypoxic exposure condi- 
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tions is the mechanism of hepatotoxicity in the HH 
model (14). It would also appear that pretreatment 
with PB is not necessary for the production of a hep- 
atotoxic hypoxic/anoxic state within the liver during 
exposure under the conditions of the EHH model or 
with severe hypoxia (5% O3) plus heating. 

Striking differences between the two models of an- 
esthetic-induced hepatotoxicity are evident in the time 
courses of changes in SGPT levels and in development 
of morphologic liver damage. In the HH model, the 
associated hepatic lesion followed a course of devel- 
opment similar to that produced by administration of 
the chemotoxin CCl,. Normal liver architecture and 
levels of serum enzymes were present immediately 
after HH exposure (Fig. 1, Table 4). Initial changes in 
centrilobular hepatocytes and slight increases in SGPT 
were not evident until several hours later and sub- 
sequently progressed to the primarily vacuolative 
centrilobular injury with the associated elevations in 
SGPT observed 24 hr after exposure (Fig. 3). The EHH 
model, on the other hand, consistently demonstrated 
elevations in SGPT and watery vacuolization of cen- 
trilobular hepatocytes immediately after exposure, both 
of which are indicative of hypoxic/anoxic liver injury 
(10,11) (Fig. 2, Table 4). This centrilobular lesion rap- 
idly progressed to a frank coagulative necrosis within 
6 hr in most of the animals exposed to EHH. Although 
the immediate elevations in SGPT caused by exposure 
to severe hypoxia (5% O 2) with external heating are 
only one-third to one-half the levels produced by the 
EHH model, the similarities between the two exper- 
imental groups in changes in serum enzymes and 
liver morphology just after exposure would indicate 
involvement of related mechanisms. The differences 
in SGPT values between the EHH and severe hypoxia 
plus heating groups are probably due only to differing 
degrees of hepatic hypoxia/anoxia generated during 
exposure. 

The animals used in these experiments demon- 
strated an extremely wide variability in their hepa- 
totoxic response to EHH exposures, as indicated by 
SGPT values. This led to standard deviations as large 
as the means in most cases, even with omission of 
very high values (1000-3000 units/ml) that occurred 
in 10-20% of the EHH-treated animals. Obviously, a 
very inconsistent degree of hepatic hypoxia/anoxia 
was generated during exposure to EHH. Although 
the SGPT values are extremely variable, the time course 
of SGPT elevations and the liver morphology result- 
ing from EHH exposure are indicative of hy- 
poxic/anoxic-induced hepatic damage. Even with the 
large standard deviations, the data still serve the in- 
tended purpose of a qualitative comparison of the 
requirements for the expression of hepatotoxicity and 
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its chronologic development in the two anesthetic 
models studied. 

The original studies on the hypoxic/anoxic models 
of anesthetic-induced hepatic damage reported hep- 
atotoxicity at a fraction of MAC (2). We also found 
that 1% enflurane (0.45 MAC) produced hepatic in- 
jury in our EHH exposures (data not shown). Animals 
exposed to this level of anesthetic also demonstrated 
watery vacuolization of centrilobular hepatocytes im- 
mediately after exposure with 20% of these animals 
having SGPT levels in excess of 1000 units/ml. This 
further attests to the severity of the effect of anesthetic 
exposure at 10% Oz combined with external heating 
upon oxygenation of the liver. 

An elevation in SGPT immediately after exposure 
has been reported to occur in models of volatile an- 
esthetic-induced hepatotoxicity involving pretreat- 
ment with triiodothyronine (15,16). This sudden in- 
crease in SGPT, coupled with the known stimulation 
of intrahepatic oxygen consumption by triiodothyr- 
onine (17), indicates that the triiodothyronine model 
also produces liver damage by hypoxic/anoxic mech- 
anisms. In another reported model producing coag- 
ulative hepatic necrosis in male rats after a 2-hr ex- 
posure to 0.5% halothane in 8% Oz, prior fasting of 
the animals was a prerequisite to produce hepatic 
damage (18). Fasting can also be considered an ad- 
ditional stress upon the liver, as glutathione levels are 
greatly reduced, leaving the hepatocytes more vul- 
nerable not only to chemical injury (19) but also the 
lipid peroxidation (20) and watery vacuolization (11) 
that accompanies hypoxic/anoxic injury. In addition, 
fasting severely depletes hepatic glycogen stores in 
rats (21). Thus with decreased energy sources and 
reduced glutathione levels, the hepatocytes are more 
prone to insult by hypoxia. 

Halothane can undergo reductive metabolism 
forming free radicals in vitro (22) and in vivo (5) that 
bind to subcellular macromolecules (14) and cause 
injury to subcellular enzyme systems (23). Pretreat- 
ment of rats with a variety of free radical scavengers 
and cytochrome P-450 inhibitors has been shown to 
have a protective action on halothane-induced injury 
in rats (24-28). Halothane can also cause fatty change 
and necrosis in the liver of unpretreated male and 
female rats when administered at very low concen- 
trations (50 ppm) at ambient oxygen tensions over 
long (12-week) periods of time (29), as well as in dogs 
and monkeys repeatedly exposed to anesthesia pro- 
ducing concentrations delivered in 100% O, (30). Al- 
though it is presently not possible to prove the mech- 
anism of halothane-induced hepatic injury in the rat 
HH model, these facts, combined with the results 
reported here, indicate a chemotoxic mechanism of 
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hepatotoxicity with HH rather than a hypoxic/anoxic 
mechanism as seen with the EHH model. 
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The antiarrhythmic effects of diltiazem (DL), a slow channel 
inhibitor, were evaluated in the presence of epineph- 
rine—halothane-tnduced arrhythmias in dogs, of premature 
ventricular contractions (PVCs) during anesthesia in pa- 
tients (n = 10), and of tachyarrhythmias with associated 
atrial fibrillation (AF) during anesthesia in patients (n = 
9). The arrhythmogenic dose of epinephrine (ADE) during 
one MAC of halothane in aoge was increased from 1.13 + 
0.21 to 3.14 + 0.89 gkg “min`! by the administration 
of 0.3 mgikg of DL. This suggests that DL significantly 
increases the threshold for the induction of arrhythmias as- 
sociated with epinephrine and halothane. In 10 patients, 
PVCs that appeared spontaneously during halothane anes- 


thesia were eliminated by the intravenous administration of 
DL (0.1 mg/kg). With an additional nine patients who had 
had AF preoperatively and suffered tachyarrhythmias dur- 
ing anesthesia, the intraoperative intravenous administra- 
tion of DL significantly decreased heart rate (to less than 
100 beats/min) within 10-15 min. Diltiazem is an effective 
means for the treatment of PVCs and AF-mediated tachy- 
arrhythmias during anesthesia. Because of the pharma- 
cologic properties of DL (e.g., depressing sinus and atrio- 
ventricular (AV) node function), DL should be used with 
caution in patients with a sick sinus syndrome or an AV 
block, or in the presence of B-adrenergic antagonists. 


Key Words: HEART—arrhythmias. PHARMACOL- 
OGY—diltiazem. ANESTHETICS, VOLATILE— 
halothane. 





Diltiazem hydrochloride, a slow channel inhibitor, in- 
hibits the movement of calcium ions (Ca? ) across cell 
membranes. Diltiazem (DL) thus relaxes vascular 
smooth muscle, depresses myocardial contractility, 
and depresses sinus and atrioventricular node func- 
tion (1-6). Accordingly, DL has been recommended 
for the treatment of various types of cardiovascular 
disorders, including coronary vasospasm, angina, and 
hypertension (6-11). 

The antiarrhythmic effect of DL has been studied 
using microelectrodes (12). Its effect on epinephrine- 
and ouabain-induced arrhythmias (13), on ischemia- 
mediated ventricular fibrillation (14,15), and on reen- 
trant ventricular arrhythmias (16) has been evaluated 
in experimental animals. The clinical efficacy of the 
antiarrhythmic effect of DL only recently has begun 
to be studied. DL, along with another slow channel 
inhibitor, verapamil, has been reported to be effective 


Received from the Department of Anesthesiology, Tohoku Uni- 
versity School of Medicine, Sendai, Japan. Accepted for publication 
May 8, 1985. 

Addresss correspondence to Dr. Iwatsuki, Department of Anes- 
thesiology, Tohoku University School of Medicine, 1-1 Seiryo-ma- 
chi, Sendai 980, Japan. 


© 1985 by the International Anesthesia Research Society 


in the treatment of supraventricular tachycardia (SVT) 
(17-19). 

The effects of DL on arrhythmias other than SVT 
as well as on arrhythmias occurring during general 
anesthesia, however, have not been evaluated. We, 
therefore, examined the effects of DL upon halo- 
thane—epinephrine-induced arrhythmias in dogs, as 
well as the effects of DL on premature ventricular 
contractions (PVCs) and tachyarrhythmias mediated 
by atrial fibrillation during anesthesia in patients. 


Methods 
Animal Study 


Six mongrel dogs weighing 10.8 + 2.2 kg (sD) were 
anesthetized with thiopental (25 mg/kg intrave- 
nously) and intubated with a cuffed endotracheal tube. 
Mechanical ventilation was provided by a volume 
controlled animal ventilator (AIKA R-60) to maintain 
a pH of 7.36-7.46, a Paco, of 32-37 mm Hg, and a 
Pao, of 400-647 mm Hg with 100% oxygen. End-tidal 
CO, concentrations were continuously monitored with 
an infrared CO, analyzer (Morgan 901-MK 2). Anes- 
thesia was maintained with one MAC of halothane 
(0.87%) by a Fluotec Mark III vaporizer. 
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A cannula placed in the femoral artery was con- 
nected to a force transducer (Statham P23Db) for in- 
traarterial pressure monitoring. Another cannula in 
the femoral vein was used for intravenous fluid 
administration (4 ml-kg ‘hr ' of a crystalloid solu- 
tion) and for injection of drugs. A pulmonary artery 
catheter was inserted through a left neck vein for 
measurement of pulmonary vascular pressure. Lead 
It of the ECG was continuously monitored on an os- 
cilloscope with P-Q intervals measured by recording 
the ECG on paper at a paper speed of 100 mm/sec 
when necessary. 

After 40-60 min of stabilization under one MAC of 
halothane, the arrhythmogenic dose of epinephrine 
(ADE) was determined by the method described by 
Pace et al. (20). Epinephrine (E) diluted to 50 ug/ml 
in a normal saline was infused by an infusion pump 
at rates of 0.11, 0.15, 0.21, 0.30, 0.42, 0.58, 0.82, and 
1.1 ml/min. When four or more PVCs developed dur- 
ing a 3-min E infusion, this concentration of E was 
considered to be the ADE expressed as ugkg min`! 
If four or more PVCs did not occur during the 3-min 
infusion of E at one rate of infusion, the rate of in- 
fusion was increased to the next higher step after a 
10-min recovery period. This procedure was repeated 
until the ADE was obtained. After the determination 
of ADE in the absence of DL (i.e., control), each dog 
was given 0.1 mg/kg of DL intravenously, and the 
same procedure to determine ADE was repeated start- 
ing at the rate that induced ADE of the control. At 
30 min after the determination of ADE under 0.1 mg/kg 
of DL, a 0.3 mg/kg dose of DL was given to the dog, 
and the same procedure to determine ADE was re- 
peated starting from the rate that induced ADE under 
0.1 mg/kg of DL. 

Paired t-tests were used for statistical analysis; a 
statistically significant difference was assumed when 
P was less than 0.05. 


Clinical Study 


The effects of DL on PVCs were evaluated in 10 pa- 
tients ranging in age from 3 to 66 yr. DL, 0.1 mg/kg, 
was injected intravenously in bolus when PVCs de- 
veloped and continued for more than 5 min under 
halothane anesthesia. When PVCs developed, arterial 
blood was sampled and blood-gas tensions and serum 
Na’ and K' concentrations were measured. If hy- 
percarbia or hypoxia was present, it was corrected by 
increasing alveolar ventilation and inspiratory oxy- 
gen concentration. No abnormalities in serum Na‘ 
and K* concentrations were observed in any patient. 
Arterial blood-gas tensions and electrolyte balance, 
therefore, were within normal limits at the time that 
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DL was given. No patient except one who had been 
prophylactically digitalized for paroxysmal tachycar- 
dia had received digitalis or B-adrenergic antagonists, 
and none had AV block before the DL administration. 
In two of the patients, PVCs were first treated with 
lidocaine before DL administration, but because the 
effects of lidocaine were either short or insufficient, 
PVCs reappeared shortly after the lidocaine treatment 
or were not eliminated by lidocaine. Blood pressure, 
heart rate, and ECG were recorded before and after 
the administration of DL. 

The effects of DL on tachyarrhythmias associated 
with atnal fibrillation (AF) were examined in nine 
patients ranging in age from 34 to 81 yr, who had had 
AF preoperatively. DL was injected in bolus when 
tachycardia developed in response to AF during sur- 
gery. The initial dose of DL in all patients was 0.1 
mg/kg. If the heart rate did not decrease to less than 
100 beats/min, an additional dose (2-3 of the initial 
dose) was given 10-15 min after the first injection. 
Two of nine patients received an additional dose of 
4 mg or 5 mg of DL. Four of the patients were under 
morphine-diazepam anesthesia for heart valve re- 
placement, two were under enflurane anesthesia for 
abdominal surgery, two were under halothane anes- 
thesia for vascular or gallbladder surgery, and one 
was under epidural anesthesia for inguinal hernio- 
plasty. Seven of the patients had been digitalized pre- 
operatively. None had received B-adrenergic antag- 
onists or Ca^’ antagonists. Blood pressure, heart rate, 
and ECG were recorded before the DL injection and 
at 5-min intervals for 30 min after. 

Hemodynamic changes during the clinical study 
were expressed as means + SEM and considered to 
be significant when P was less than 0.05 by paired t- 
tests. 


Results 
Animal Study 


Arrhythmogenic doses of E during one MAC of hal- 
othane a DL averaged 1.13 + 0.21 
gkg min |. ADE mcreasee significantly to 1.61 + 
0.33 and 3.14 + 0.89 ugkg ‘min | in the presence 
of 0.1 mg/kg and 0.3 mg/kg of DL, respectively (Fig. 

1). 

The P-Q interval 5 min after DL injection was pro- 
longed from 94.3 + 9.8 to 100.3 + 9.4 msec by 0.1 
mee, of DL (P < 0.02) and from 98.3 + 11.2 to 110.5 

+ 11.3 msec by 0.3 mg/kg of DL (P < 0.01). 

Hemodynamic changes 5 min after the administra- 
tion of DL are shown in Table 1. Systemic vascular 
and pulmonary vascular resistances were significantly 
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Figure 1. The effect of intravenous diltiazem upon the arrhyth- 
mogenic dose of epinephrine in dogs during one MAC halothane. 
*P < 0.05 vs the values in the absence of diltiazem 


reduced. There was a slight but statistically significant 
increase in cardiac output. After the infusion of E 
systemic blood pressure (BP) increased for a few beats 
and then decreased for a few seconds before again 
increasing. BP reached its maximum height within 45 
sec and remained stable during the E infusion. At the 
same infusion rate of E, BP was always higher in the 
absence of DL (the control) than in its presence. How- 
ever, arrhythmias developed at the lower level of BP 
in the presence of DL than in its absence. For example, 
when arrhythmias developed, BP was 182.8 = 16.2 
mm Hg in the presence of 0.3 mg/kg of DL anc 208.8 
+ 17.4 mm Hg (+SEM) in the absence of DL. But the 
level of BP during ADE infusion, namely the level of 
BP when arrhythmias developed, tended to be lower 
than that during E infusion at a rate just one step 
lower than the ADE (at this level of BP arrhythmias 
were not observed) in the absence as well as in the 
presence of DL. This is because with ADE infusion, 
arrhythmias usually developed before the BP had 
reached its maximum, whereas with any infusion 
of E other than ADE, the BP reached its maximum. 
For example, in the presence of 0.3 mg/kg of DL, BP 
averaged 182.8 + 16.2 mm Hg with the ADE and 
187.0 + 12.8 mm Hg with E infusion at the rate just 
one step lower than ADE. 

Heart rate usually decreased after a transient in- 
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Table 1. Percentage Changes in Hemodynamic Function 
5 min after the Intravenous Administration of Diltiazem 
to Dogs 


Diltiazem 


0.1 mg/kg 0.3 mg/kg 


Mean BP 94.0 + 1.4" pe 7 
(100.5 = 5.2 mm Hg) 

Cardiac output 106.9- + 1.8" 107.4 + 2.5 
(2.02 + 0.24 L/min) 

SVR 87 Se 87.0 + 1.4 
(50.9 + 5.2 RU) 

PAP 100.1 + 1.7 104.2 + 1.7 
(14.7 + 0.2 mm Hg) 

PVR 89.0 + 1.4 95.3 + 1.4" 
(4.1 + 0.5 RU) 

Heart rate 98.4 + 2.1 96.9 + 1.9 


(119.7 + 7.8 beats/min) 


Data in parentheses are mean + sem control data prior to injection of 
diltiazem. Figures not in parentheses are mean + SEM percentages of control 
data. *P < 0.01, 'P < 0.05, P < 0.001. 

Abbreviations: BP, blood pressure; SVR, systemic vascular resistance; 
PAP, pulmonary arterial pressure; PVR, pulmonary vascular resistance; RU, 


j 


mm He bL bmin`' 


crease during E infusion in the absence of DL and 
after 0.1 mg/kg of DL, but it increased during E in- 
fusion after 0.3 mg/kg of DL. 


Clinical Study 


Effect on PVCs. Ten patients were given DL, 0.1 
mg/kg, intravenously intraoperatively as a bolus in- 
jection. Five patients had multifocal PVCs, and the 
other 5 had unifocal PVCs. All PVCs continued for 
more than 5 min before the injection of DL. When 
PVCs developed in nine of 10 patients, the blood pres- 
sure, heart rate, or both increased. These increases in 
blood pressure or heart rate seemed to be induced by 
surgical stimulation related to the start of surgery in 
five cases and by the intravenous administration of 
pancuronium in one case. In the remaining three cases 
no definite causes of these changes were found. In 
two of 10 cases, PVCs were first treated by lidocaine 
before DL was given; in one the lidocaine treatment 
was ineffective and in the other the duration of re- 
sponse to lidocaine was too brief to be effective even 
though lidocaine was injected twice. 

In all 10 patients PVCs disappeared completely 
within 3.30 + 0.62 min, but in one patient PVCs reap- 
peared 10 min later. Figure 2 shows a typical case. 
Mean blood pressure decreased to 89.1 + 2.4% of the 
control (P < 0.01) at 5 min and to 86.8 + 2.2% (P < 
0.001) at 30 min after the wey of DL. Heart rate 
gradually decreased to 94.8 + 2.0% of the control (P 
< 0.05) at 5 min and to 87.5 + 3. 7% (P < 0.01) at 30 
min after the DL injection. 
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Figure 2. A representative case in which diltiazem effectively treated 
PVCs spontaneously appearing during halothane anesthesia. The 
patient, a 34-yr-old female, had onset of multifocal PVCs and bi- 
geminy during operation for kidney stone. HR, heart rate; Bp, 
blood pressure. 


Effect on atrial fibrillation tachycardia. Intravenous DL 
was given intraoperatively to nine patients who had 
had AF preoperatively and who developed tachyar- 
rhythmias during anesthesia. Tachyarrhythmias de- 
veloped when the tracheal intubation was performed 
in one case and when the operation was started in 
another case. In the other seven cases, tachyarrhyth- 
mias developed during the surgical operation, prob- 
ably due to surgical stimulations. Tachyarrhythmias 
persisted about 10-15 min before DL was injected. 

In all nine patients the heart rate was effectively 
reduced by DL to less than 100 beats/min. The max- 
imum decrease in the heart rate was from 150 to 84, 
and the minimum was from 130 to 99. The decrease 
in the heart rate usually reached maximum about 15 
min after injection of DL. Blood pressure decreased 
in five cases, remained unchanged in two, and in- 
creased in two. A typical case is illustrated in Fig- 
ure 3. 


Discussion 
Animal Study 


The present study demonstrates that DL increases the 
ADE during halothane anesthesia in the intact dog. 
This suggests that DL has an ability to increase the 
threshold level at which E produces arrhythmias dur- 
ing halothane anesthesia. 
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Figure 3. A representative case showing the effect of diltiazem 
upon atrial fibrillation (AF)-mediated tachyarrhythmia. The pa- 
tient, 37-yr-old female with AF, was undergoing mitral and aortic 
valve replacement under morphine- -N20 diazepam anesthesia. HR, 
heart rate; Bp, blood pressure. 


The ADE during one MAC halothane in our study 
was less than that reported by Pace et al. (20), but 
corresponds to that reported by Munson and Tucker 
(21). The difference between our results and those of 
Pace et al. may result from the size of dogs, the nu- 
tritional state of dogs, and the depth of halothane 
anesthesia. Our dogs were small in size; and, because 
of malnutrition, the infusion of electrolyte—glucose 
solution was sometimes necessary and a metabolic 
acidosis had to be corrected by NaHCO; prior to the 
start of the study. The anesthetic level was lighter in 
our study. 

The increase in BP caused by E is an important 
factor in the etiology of arrhythmias produced by E 
(22). If the antihypertensive effect of DL was the only 
cause of the antiarrhythmic effect of DL in this study, 
the BP measured in the absence of DL when arrhyth- 
mias developed by infusion of E should be the same 
or at least very close to the BP measured in the pres- 
ence of DL. However, the BP level measured when 
arrhythmias were induced was significantly lower in 
the presence of DL than in its absence. Thus the an- 
tihypertensive action (i.e., an indirect effect) may play 
a part in the antiarrhythmic effect of DL in this study, 
but a direct antiarrhythmic effect might also contribute. 
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Clinical Study 
This is the first report to demonstrate the effectiveness 


of intravenous DL in the treatment of PVCs sponta- _ 


neously occurring during halothane anesthesia. 
Moreover, this antiarrhythmic effect was effective on 
PVCs for which the treatment with lidocaine was in- 
sufficient or ineffective. 

The major factors involved in the genesis of ar- 
rhythmias are abnormal impulse generation and an 
abnormal impulse conduction (23,24). There are two 
major types of abnormal impulse generation (24): en- 
hanced automatic activity and triggered activity (.e., 
the generation of one or more impulses as a conse- 
quence of a prior impulse). Both abnormal automatic 
and triggered activities are enhanced by increasing 
the extracellular Ca** concentration, by catechol- 
amines, and by digitalis overdose (24-26). Both activ- 
ities are abolished by lowering extracellular Ca**, by 
exposure to Mn**, and by agents that block the slow 
inward Ca?* current (24-26). The slow inward Ca?* 
current, presumably moving through the slow chan- 
nel, is thus important in the praduction of abnormal 
impulse generation. 

Abnormal impulse conduction produces reentry 
types of arrhythmias because of unidirectional block 
and slow propagation of impulses brought about by 
depression of excitability of the conduction system or 
myocardial fibers. Such depression of excitability is 
mediated by partial depolarization of the resting 
membrane potential that suppresses the ability of the 
membrane to develop a normal rapid depolarization 
through Na* channels (i.e., the rapid response), so 
that only the ability of the membrane to undergo an 
active depolarization that conducts very slowly and 
that depends mainly on Ca** to carry membrane cur- 
rent remains. This remaining ability, called the slow 
response, is enhanced by the addition of catechol- 
amines (23,24). Hypoxia, poor perfusion, and isch- 
emia are known to produce partial depolarization of 
cardiac fibers, not only by accelerating the slow re- 
sponses due to the leak of K* from the intracellular 
to extracellular areas, but also by increasing the re- 
lease of catecholamines (23,24). Accelerated slow re- 
sponses, therefore, contribute greatly to the devel- 
opment of arrhythmias related to abnormal impulse 
conduction. 

Because the electrophysiologic function of ventric- 
ular muscle is dominated by a fast channel, the ef- 
fectiveness of a slow channel inhibitor in the treat- 
ment of ventricular dysrhythmias has been doubted. 
However, as discussed above, enhanced or activated 
slow responses are responsible for the two major fac- 
tors involved in the production of arrhythmias, ab- 
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normal impulse generation, and conduction. The use 
of slow channel inhibitors in the treatment of certain 
types of arrhythmias is, therefore, theoretically rea- 
sonable. Antiarrhythmic effects of DL on oubain- and 
epinephrine-induced arrhythmia as well as on isch- 
emia-mediated ‘fibrillation and reentrant ventricular 
arrhythmia have been reported in animal experiments 
(13,14,16,27). 

In addition to its effect on slow channels, DL im- 
proves the relationship between myocardial O, sup- 
ply and demand by increasing coronary and collateral 
blood flow and by decreasing O, consumption as a 
result of reductions in afterload, heart rate, and con- 
tractility (6-9). DL also possesses a nonspecific an- 
tiadrenergic effect (7,9,28). These two effects also may 
contribute to the antiarrhythmic effect of DL, espe- 
cially if arrhythmias are associated with myocardial 
ischemia or sympathetic hyperactivity. 

The causes for PVCs observed in this study are 
difficult to define. However, hypoxia, hypercarbia, 
and serum Na* and K* abnormality (each of which 
can cause arrhythmias) are ruled oyt. Hypertension 
and tachycardia, both of which accompanied PVCs in 
our study, may have been causative factors in the 
PVCs. Hypertension and tachycardia, the result of 
increased sympathetic activity associated with sur- 
gical procedures, may produce an imbalance in the 
relation between myocardial O, supply and demand 
second to increased O, requirements. DL may act to 
improve these conditions, thus producing its antiar- 
rhythmic effects on PVCs in addition to its direct ef- 
fects on slow channels. 

Verapamil, another slow channel inhibitor, is also 
useful in the treatment of PVCs during anesthesia 
(29). The effect of intravenous DL in management of 
acute PVCs stands in contrast to its lack of comparable 
efficacy in the management of patients with chronic 
PVCs (30). 

suddenly developing tachyarrhythmias associated 
with AF during anesthesia were also effectively treated 
by the intravenous injection of DL in the present study. 
The heart rate was reduced from approximately 140 
beats/min to less than 100 beats/min within 10-15 min 
after intravenous DL. 

Because the dominant function of the atrioventric- 
ular node depends on slow channels (9), and since a 
slow channel inhibitor prolongs AV conduction and 
the AV nodal refractory period (5,9 ,31), it is possible 
to predict the efficiency of a slow channel inhibitor in 
reducing a ventricular rate increased by AF. In fact, 
verapamil reduced the heart rate in 98.5% of the pa- 
tients during AF, including 5.5% of the patients in 
which AF was converted to sinus rhythm (31). Even 
after open-heart surgery, verapamil was 100% suc- 
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cessful in treatment of AF-mediated tachyarrhythmias 
(32,33). 

The effect of DL on AF-mediated tachyarrhyth- 
mias, however, has been reported only in a limited 
series of cases: 12 cases by Oyama (34), two cases by 
Rozanski et al. (17), four by Sugimoto et al. (35), and 
12 by Betriu et al. (18), plus our nine present cases. 
In 37 of these 39 cases, DL reduced the heart rate to 
less than 100 beats/min, and in two of these cases AF 
was converted to sinus rhythm (18). DL and vera- 
pamil, therefore, might be the drugs of choice for 
reducing the ventricular response to AF and for slow- 
ing the heart rate, although conversion of AF to sinus 
rhythm is infrequent. 

Pharmacologic effects of DL on the sinus and AV 
nodes and on the coronary circulation are similar to 
those of verapamil (5,9), and the antiarrhythmic effect 
of DL, as discussed above, also seems to resemble 
that of verapamil. However, DL has, a weaker neg- 
ative inotropic effect than verapamil, a stronger in- 
hibitory effect on spontaneous atrial rate (8,36), a less 
pronounced reflex-mediated positive chronotropic ef- 
fect (5,7,37), and a greater nonspecific sympathetic 
inhibitory effect. Therefore, the advantage of DL over 
verapamil may be its effect in management of ar- 
rhythmias associated with hypertension and tachy- 
cardia secondary to increased sympathetic activity. 
The other slow channel inhibitors, nifedipine and ni- 
cardipine, do not have antiarrhythmic effects (7,28,36). 

One of the advantages of a slow channel inhibitor 
over other antiarrhythmic agents is that the duration 
of action is longer than it is with drugs such as lid- 
ocaine (7,36). In this study there was one patient in 
whom repeated injections of lidocaine at 10-15-min 
intervals failed to affect the PVCs, which were then 
completely abolished by a single injection of DL. The 
bronchodilating property of slow channel inhibitors 
may also represent an advantage over B-adrenergic 
antagonists (38,39). In patients with bronchial asthma 
or chronic obstructive lung disease, slow channel in- 
hibitors may be the drugs of choice. 

One disadvantage of DL and other slow channel 
inhibitors is the circulatory depression, namely the 
reduction of blood pressure and the depression of 
myocardial contractility that they produce. These ef- 
fects were, however, mild and not clinically signifi- 
cant in the doses used for the treatment of arrhyth- 
mias. Moreover, the decrease in blood pressure 
produced by DL is associated with an increase in car- 
diac output (34,40,41), even under halothane anes- 
thesia (42), probably due to the reduction of ventric- 
ular afterload. The only major disadvantage of DL is 
its ability to prolong AV conduction and depress the 
sinus node (5,9,31). Therefore, use of DL in patients 
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with AV block or sick sinus is not recommended, and 
DL in combination with drugs that prolong AV con- 
duction and depress sinus node function, such as 
digitalis and B-adrenergic antagonists, should be used 
with caution. In our cases, circulatory depressant ef- 
tects were not observed when DL was used in fully 
digitalized patients. 

In conclusion, our data in animals showing that DL 
increases the ADE during halothane anesthesia sug- 
gest that DL may be useful as an antiarrhythmic agent 
in the management of E-related arrhythmias. Our data 
in patients in whom PVCs developed during halo- 
thane anesthesia show that intravenous DL is an ef- 
fective means for treatment of such PVCs. Tachyar- 
rhythmias mediated by AF were also effectively treated 
by bolus injection of DL. DL is recommended as an 
antiarrhythmic agent during anesthesia for acute on- 
set of PVCs and tachyarrhythmias mediated by AF. 
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Intravenous Infusion of Lidocaine 
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CASSUTO J, WALLIN G, HÖGSTRÖM S, FAXEN A, 
RIMBACK G. Inhibition of postoperative pain by 
continuous low-dose intravenous infusion of lidocaine. 
Anesth Analg 1985;64:971-4. 


Intravenous lidocaine has been reported previously to inhibit 
postoperative pain when given either as single injections or 
as short infusions in amounts usually causing adverse re- 
actions. To determine the efficacy of a continuous low-dose 
(2 mg/kg) intravenous infusion of lidocaine, postoperative 
pain (visual analogue pain scale) and the requirements for 
postoperative analgesics were measured in a double-blind 
randomized trial in 20 patients after cholecystectomy. Lid- 
ocaine infusion was started 30 min before the operation and 


Operations in the upper abdomen often are associated 
with particularly severe postoperative pain (1). Fur- 
thermore, ventilation is often inhibited by the pain. 
To relieve the pain, potent narcotics have to be used, 
which leads to a more pronounced respiratory depres- 
sion (2). It is, therefore, desirable to reduce the need 
for narcotic analgesics in the postoperative period. 

Intravenous lidocaine has been shown previously 
to relieve cancer pain (3), chronic pain (4,5), pain due 
to adiposis dolorosa (6,7), and pain after surgery (8,9). 
In the last two studies, single injections or short in- 
fusions of lidocaine restricted to the time of surgery 
were administered in doses great enough to increase 
the risk of toxic side effects. To minimize adverse 
reactions, we gave lidocaine as a continuous low-dose 
intravenous infusion and evaluated its postoperative 
analgesic effect. 


Methods 


Twenty patients (12 women, 8 men) scheduled for 
elective cholecystectomy were studied. Each patient 
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continued for 24 hr after surgery (n = 10). Saline was 
infused in a comparable group of ten patients. The lidocaine- 
treated patients had significantly lower pain scores during 
the first day after surgery (P < 0.001) and required sig- 
nificantly less meperidine during the first (P < 0.02) and 
second postoperative days (P < 0.01). No adverse reactions 
to lidocaine were observed. Whole blood levels of lidocaine 
ranged between 1 and 2 pg/ml. The results suggest that 
low-dose continuous infusions of lidocaine decrease the se- 
verity of postoperative pain and are devoid of side effects. 


Key Words: ANESTHETICS, tocat—lidocaine. PAIN 
——postoperative. 


gave his or her informed consent to inclusion in the 
study and the experimental protocol was approved 
by the Regional Ethical Committee. Patients with he- 
patic, renal, or cardiovascular disease were excluded. 
Preanesthetic medication consisted of 0.05-0.075 mg 
fentanyl and 2.50-3.75 mg droperidol intramuscu- 
larly. Anesthesia was induced with thiopental (4 
mg/kg). After the administration of 1 mg of pancu- 
ronium to prevent fasciculations, endotracheal intu- 
bation was performed with the aid of succinylcholine 
(1 mg/kg). After intubation, 5 mg of pancuronium was 
given with additional doses of 1 mg as indicated dur- 
ing surgery. Anesthesia was maintained with N2O 
and O, and a standardized dose of 0.003 mg-kg~*-hr~? 
of fentanyl. At the conclusion of surgery, 0.5 mg of 
atropine followed by 1 mg of neostigmine was ad- 
ministered to reverse neuromuscular blockade. 

Half an hour before skin incision, one group of 
patients (n = 10) received an intravenous bolus in- 
jection of lidocaine (100 mg; 20 mg/ml) followed by 
an intravenous infusion at 2 mg/min (2 g lidocaine in 
500 mi physiologic saline) that was continued until 
the twenty-fourth postoperative hour. A placebo group 
(n = 10) received an infusion of saline. Patients were 
monitored by measurements of systolic blood pres- 
sure and pulse rate as well as by continuous moni- 
toring of the ECG (alarm with automatic registration 
on paper was set for irregular heart beats and heart 
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rate beyond 50-100 beats/min), throughout the period 
of lidocaine/saline infusion. 

A questionnaire concerning postoperative nausea, 
vomiting, and adverse reactions to lidocaine (light- 
headedness, tinnitus, perioral numbness, drowsi- 
ness, and slurred speech) was filled out by the pa- 
tients on the morning of the first postoperative day. 


Blood Concentrations of Lidocaine 


Lidocaine concentrations in whole blood from eight 
patients were determined at Astra Läkemedel AB, 
Research and Development Laboratories, Södertälje, 
Sweden by mass fragmentography (10). Venous blood 
samples (5 ml) were drawn from a peripheral vein in 
heparinized tubes 8 hr and 20 hr after the start of the 
lidocaine infusion and kept frozen at —20°C until 
analysis. Whole blood levels of lidocaine are ex- 
pressed as ug lidocaine base/ml whole blood. 


Pain Assessment 


Pain during the initial 24 hr after surgery was assessed 
using a linear analogue scale ranging from 0 (no pain) 
to 100 (pain as bad as it could be) (11). Each patient 
scored his pain at 2-hr intervals, starting 1 hr after 
the return from the operating room (at which point 
all the patients had recovered consciousness). No me- 
peridine was administered before the first pain as- 
sessment. When patients complained of pain they 
were given injections of 50 mg of meperidine intra- 
muscularly until pain was relieved. Each patient's re- 
quirements for meperidine were recorded for 48 hr 
after surgery. 

The study was double-blind randomized. Standard 
t-tests were used to calculate significant differences 
between means and accumulated pain scores (the to- 
tal pain scores during 24 hr were calculated for each 
patient and the difference between the two groups 
was analyzed). Data are expressed as mean = SEM. 


Results 


The two groups of patients were comparable with 
regard to age, weight, distribution of sex, and the 
duration of surgery (Table 1). Pain scores were re- 
duced significantly in the lidocaine-treated patients 
(P < 0.001) at the first pain assessment 1 hr after the 
return from the operating room, i.e., before any of 
the patients had been given meperidine. The esti- 
mated mean of the accumulated pain scores was sig- 
nificantly higher in the control group (29.3 + 2.5) than 
in the lidocaine-treated group (9.4 + 2.0) (P < 0.001) 
(Fig. 1). Furthermore, intravenous lidocaine signifi- 
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Table 1. Clinical Data in Patients 


Lidocaine intravenously Saline intravenously 


(n = 10) {n = 10) 
Age (yr) 44 (30-67)" 55 (34-68) 
Weight (kg) 72 (54—93) 70 (55-105) 
Sex (female/male) 4/6 5/5 


Duration of 
surgery (min) 


105 (75-150) 112 (68-150) 






Nausea 6° 8 
Vomiting 5 4 
Median and range. 
‘Number of patients. 
Pain scores 
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Figure 1. Pain scores during the initial 24 hr after surgery in 
lidocaine-treated patients (—) and in control patients (---). Differ- 
ences are calculated between means using two-tailed Student's t- 
test. Accumulated pain scores were significantly lower in the lido- 
caine-treated group as compared to control (P < 0.001). Symbols: 
NS, not significant; *P < 0.05; *P < 0.01; **P < 0.001 compared 
with control data. Data were expressed as mean + SEM. 


cantly reduced the need for meperidine during the 
first (P < 0.02) and second postoperative day (P < 
0.01) (Fig. 2). 

Systolic blood pressure and pulse rate did not differ 
significantly in the two groups of patients, and no 
ECG abnormalities were reported. Aside from light- 
headedness reported by one patient in each group, 
no subjective side effects due to possible drug over- 
dose were reported. The incidence of postoperative 
nausea and vomiting did not differ significantly in the 
two groups (Table 1). Whole blood levels of lidocaine 
8 hr after the start of infusion averaged 1.52 + 0.29 
ug/ml and at 20 hr 1.75 + 0.34 ug/ml. 


Discussion 


Our results show a significant reduction in the need 
for meperidine during the first and second postop- 
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Meperidine,milligrams 
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Figure 2. Meperidine requirements during the first and second 
postoperative days in patients receiving intravenous lidocaine 
(shaded bars) and in control patients (open bars). Symbols: *P < 
0.02; **P < 0.01 compared with control data. Data are expressed 
as mean = SEM, 


erative days after cholecystectomy in patients given 
low-dose 24-hr infusion of lidocaine. Previous authors 
(9) have reported a significant analgesic effect of in- 
travenous lidocaine extending into the third postop- 
erative day after 1000 mg of lidocaine was given dur- 
ing the operation. A long-lasting effect was also present 
in our study, as judged by the significantly reduced 
need for meperidine during the second postoperative 
day (Fig. 2). The analgesic effect of lidocaine during 
the 24—48 hr period after surgery may reflect the fact 
that adequate blood levels of lidocaine were still pres- 
ent during that time, as has been shown in cardiac 
patients after 24-48 hr of lidocaine infusion (12). Our 
data also demonstrate a significantly lower pain score 
in the lidocaine-treated patients (Fig. 1) despite the 
fact that patients given placebo infusion received sig- 
nificantly higher doses of meperidine (Fig. 2). This 
analgesic effect of lidocaine was apparent as soon as 
1 hr after the end of the operation as judged by the 
difference in pain score before any of the patients had 
meperidine (Fig. 1). There could be several mecha- 
nisms for this rather potent analgesic effect: intrave- 
nous infusions of lidocaine have been shown to in- 
duce sedation in animals (13,14) and humans (15,16), 
implying a central site of action and an anesthetic, 
rather than analgesic, effect; sedation and other sub- 
jective side effects in humans have been reported at 
infusion rates of 7.5-12.5 mg/min (15) and 500 
ug-kg~ ‘min ~! (14), which is substantially higher than 
the infusion rate used in this study (2 mg/min cor- 
responding to 29 ugkg ‘min`! in a 70-kg patient). 


ANESTH ANALG 97 
1985;64:97 1-4 


oe) 


Pain impulses from the operative area are carried 
to the central nervous system by afferent A-delta and 
C-fibers (17). Thorén and Oberg (18) have shown that 
intravenous infusion of lidocaine at infusion rates 
similar to ours markedly attenuated activity in cardiac 
C-fibers after cardiac ischemia, results suggesting a 
peripheral analgesic effect for low-dose lidocaine, al- 
though a dual, i.e., peripheral and central effect can- 
not be ruled out. 

The infusion rate of lidocaine used in this study 
produced a whole blood concentration of 1-2 ug/ml. 
This dose did not cause toxic side effects or significant 
changes in pulse rate or systolic blood pressure. These 
observations are in accordance with previous obser- 
vations that lidocaine administered in the same 
amounts as in this study does not induce cardiovas- 
cular effects (19). 

Our results suggest that low-dose continuous in- 
fusion of lidocaine is devoid of side effects and can 
be used to decrease the severity of postoperative pain, 
thus reducing the need for potent morphinomimetic 
drugs in the postoperative period. 
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Modulation of a GABA-Ergic Inhibitory Circuit in the In Vitro 
Hippocampus by Etomidate Isomers 
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inhibitory circuit in the in vitro hippocampus by etomidate 
isomers. Anesth Analg 1985;64:975—80. 


A pulse-paired stimulation technique was used to examine 
the in vitro effects of the isomers of etomidate on synaptic 
transmission between Schaffer collaterals and CA, pyra- 
nudal cells in the guinea pig hippocampus. Etomidate produced 
a dose-related, stereospecific, reversible increase in paired- 
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pulse inhibition, Replacement of CI by isethionate reversed 
the inhibition induced by (+ )-etomidate. Together with ear- 
lier biochemical evidence, these results show that in the 
mammalian CNS (+ )-etomidate enhances central inhibition 
by increasing the effectiveness of y-aminobutyric acid (GABA) 
ina chloride-dependent fashion. 

Key Words: ANESTHETICS, 


etomidate. 


INTRAVENOUS —- 





Etomidate is a short-acting nonbarbiturate hypnotic 
devoid of analgesic properties (1). Etomidate also 
shows potent anticonvulsant activity in various ani- 
mal tests including the maximal metrazol test (2), the 
D,L-allylglycine seizure test (3), the bicuculline-sei- 
zure threshold test (4), and amygdaloid kindled sei- 
zures (5,6). In humans, etomidate has been used suc- 
cessfully to terminate therapy-resistant status 
epilepticus (7,8). Etomidate has two optical isomers, 
the (+) isomer being the active one for the hypnotic 
and anticonvulsant action (1,9). 

In in vitro receptor binding assays in which (+)- 
etomidate was shown to enhance *H-diazepam bind- 
ing to rat forebrain, (—)-etomidate was inactive (10). 
The enhancement of *H-diazepam binding by (+)- 
etomidate was due to an increase in binding affinity, 
the maximal number of sites remained unchanged 
(10). (+ )-Etomidate did not inhibit *H-muscimol bind- 
ing to GABA-receptors, nor did it displace *H-fluni- 
trazepam or inhibit other receptor binding assays (10). 
These observations led to the suggestion that (+)- 
etomidate binds to the chloride-ionophore of the y- 
aminobutyric acid (GABA)-receptor complex in such 
a way as to increase the efficacy of GABA-ergic neu- 
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ronal inhibition (10). Further biochemical (11) and in 
vivo pharmacological data (4) have been produced 
that support this hypothesis. 

Figure 1 diagrammatically shows the local neuronal 
circuits in area CA, of the hippocampus. The afferent 
axons making synaptic contact with pyramidal cells 
(P) are called Schaffer collaterals. The prominent in- 
hibitory postsynaptic potential (IPSP) that can be re- 
corded intracellularly from hippocampal pyramidal 
cells (12-14) can be accounted for largely by a pyra- 
midal cell axon collateral system that activates basket- 
cells (Fig. 1,(1)) to recurrently inhibit the pyramidal 
cell body via release of GABA (15-17). This inhibitory 
feedback loop can be activated using a paired-pulse 
stimulation technique (18,19). The first stimulation 
pulse or conditioning pulse produces an evoked re- 
sponse and activates the inhibitory circuit; if the sec- 
ond pulse or test pulse then decreases during the time 
course of the inhibition, the test pulse produces a 
smaller evoked response. The strength of the inhib- 
itory response can be judged by comparing the mag- 
nitude of the evoked response generated by the test 
and conditioning pulse. We have used this technique 
in our study to examine the action of the isomers of 
etomidate in the in vitro hippocampal slice prepara- 
tion. The preparation offers several advantages for 
the evaluation of the CNS effects of anesthetic agents, 
including the absence of basal anesthesia and asso- 
ciated cardiovascular changes. In addition, the la- 
mellar organization of neurons in the transverse hip- 
pocampal slice allows visualization of the cell body 
layer for the placement of electrodes. 
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‘Figure 1. Diagram of local neuronal circuit in area. CA, of the 
hippocampal slice. P is a pyramidal neuron. SC are Schaffer col- 
laterals coming from CA; that synapse with pyramidal cell den- 
drites. The pyramidal cell axon has a collateral that makes synaptic 
contact with a basket cell (i). The basket cells (i) release GABA as 
their neurotransmitter at synapses on the pyramidal neuron’s cell 
body. Rp is a glass extracellular recording electrode placed among 
CA, pyramidal cells. Sr is a bipolar stimulating electrode placed on 
the Schaffer collaterals. 


Methods 


400-um thick transverse hippocampal slices were pre- 
pared from male 300-400 g guinea pigs using normal 
techniques (20). The slices were placed on a gold grid 
at the interface between humidified 95% O./5% CO, 
and oxygenated artificial cerebrospinal fluid (ACSF) 
in a laminar flow chamber. ACSF was composed of 
NaCl, 134 mM; KCL 4 mM; KH2PO,, 1.25 mM; 
NaHCoO3, 22 mM; CaCh, 2 mM; MgSO, 1.1. mM; 
and D-glucose, 10 mM. Chamber temperature was 
30°C. The ACSF flow rate was 3 ml/min. 

After a I-hr recovery period, a bipolar stimulating 
electrode was placed on the Schaffer collaterals (Fig. 
1 (Sr)) for orthodromic activation. A glass recording 
electrode filled with 2 M NaCl (resistance 1-5 M Q) 
was placed among the cell bodies of pyramidal neu- 
rons in the CA, area of the hippocampus (Fig. 1 (Rp)). 
Stimulation of Schaffer collaterals produced a typical 
evoked response at the CA, cell body layer. The evoked 
potential consisted of a slow positive wave (field EPSP) 
interrupted by a fast negativity (population spike) (see 
Fig. 3(A)). The population spike is the extracellularly 
recorded action potential of groups of pyramidal neu- 
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rons (21). The population spike amplitude was de- 
fined as the number of mV between the most negative 
peak and the mean value of the preceding and fol- 
lowing positive deflections of the field EPSP. 

Evoked potentials were passed via a WPI gold probe 
to a WPI KS700 electrometer, displayed on a Tectronix 
oscilloscope, passed to an A/D converter, digitized at 
a rate of 6.5 kHz, and stored and analyzed by a HP 
9816 computer. The computer automatically calcu- 
lated the field EPSP latency, field EPSP slope, pop- 
ulation spike latency, population spike amplitude and 
DC potential of each evoked response. 

Plots of population spike amplitude vs stimulation 
voltage (iriput/output curves) were generated auto- 
matically by the computer with an interstimulation 
frequency of 0.1 Hz and voltage between 4 and 12 V. 
These curves allowed determination of population spike 
threshold and maximal population spike amplitude. 
Population spike threshold was defined as that stim- 
ulation voltage producing a > 0.2 mV population spike 
in 2 out of 3 stimulations. Maximal population spike 
amplitude was the maximal amplitude of the popu- 
lation spike during the input/output curve. 


Experimental Procedures 


After placing the stimulation and recording elec- 
trodes, initial stimulation variables were set such that 
an evoked response was produced with a population 
spike amplitude in excess of 4 mV. Slices were stim- 
ulated with 100-200 usec pulses at a voltage between 
4 and 12 V and at a frequency of 0.05 Hz. The fre- 
quency of stimulation was increased to 0.1 Hz during 
input/output curves. Once set, stimulation variables 
remained constant except during input/output curves. 

During the first 60 min of registration, slices were 
exposed to normal ACSF. After 30 min, 25 consecutive 
replicates of the amplitude of the population spike 
produced by the conditioning stimulus were re- 
corded. Pairs of stimulation pulses were then gen- 
erated with interpulse intervals of 12, 15, 20, 25, and 
30 msec. The amplitude of the population spike 
produced by the second pulse of the pair (test-pulse) 
was noted. Ten consecutive measurements were made 
at each interpulse interval. Finally an input/output 
curve was generated and recorded by the computer. 

(+)}Etomidate at concentrations of 2 x 107°, 5 x 
1076, or2 x 1075M dissolved in ACSF, was perfused 
between 60 and 120 min. The same measurements as 
in the control period were then performed again in 
90-120 min. Between 120 and 270 min, slices were 
perfused with normal ACSF. Measurements were re- 
peated at 180 and 240 min to observe a possible re- 
versal of the effects of etomidate. 
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Table 1. Mean (+sSEmM) Threshold and Maximal Amplitude of Population Spike at Different Times after Administration 


of (+ )-Etomidate 








Control Drug (30 min) Wash (60 min) Wash (120 min) 
2 x 107°M 
Threshold (V) 4.74(0.1) 4.74(0.3) 5,.32(0.6) 4.92(0.5) 
Amplitude (mV) 8.41(1.20) 7.59(1.0) 8.19(1.1) 8.86(1.0) 
3 x 10°°M 
Threshold (V) 4.53(0.22) 5050.22 5.41(0.2) 5.23(0.2) 
Amplitude (mV) 9.01(1.2) 8.52(1.2 8.33(1.5) 8.3(1.4) 
2 x 10 °M 
Threshold {V} 4.88(0.28) 5.05(0.30) 5.05((0).3) 5,05(0.3) 
Amplitude (mV) 6.37(0.5) 6.41(0.5) 6.30(0.4) 5.95(0.6) 





No significant changes versus control using Wilcoxon matched pairs signed ranks test. 


In other experiments (+ )-etomidate was replaced 


series of experiments with 2 x 10 °M (+ )-etomidate, 
134 mM of NaCl was replaced by 134 mM of Na is- 
ethionate in the ACSF between 120 and 140 min 
(A= 3). 

Mean population spike amplitudes evoked by the 
test pulse were calculated as percentages of mean 
conditioning pulse population spike amplitude for each 
slice and for each group of measurements. Results 
from individual slices were then pooled. 


Results 


Table 1 shows the mean threshold and maximal am- 
plitude of the population spike during input/output 
curves during control periods, after 30 min exposure 
to the drug, and after 60 and 120 min washout after 
drug. The concentrations of (+)-etomidate used did 
not systematically change EPSP slope or population 
spike threshold and amplitude. Table 1 also shows 
that population spike threshold and amplitude re- 
mained similar during the experimental period, dem- 
onstrating the stability of the slice preparation. 

In the control period during stimulation with pairs 
of pulses, the population spike evoked by the test 
pulse always had a larger amplitude than the popu- 
lation spike evoked by the conditioning pulse. This 
is shown in the oscilloscope photograph in Fig. 3(A). 
In normal conditions recurrent inhibition is usually 
masked by paired-pulse facilitation (22). During the 
control period paired-pulse facilitation averages from 
20 to 50% and increases with interpulse interval. This 
can be seen in Figure 2, in which the mean (+ SEM) 
amplitude of the orthodromic population spike evoked 
by the test-pulse is shown as a percentage of the mean 
amplitude of the population spike evoked by the con- 
ditioning pulse at different interpulse intervals. 

Addition of (+)-etomidate 2 x 10°° M to the per- 


fusion fluid did not greatly alter pulse-paired induced 
inhibition or facilitation (Fig. 2(A). (+ )-etomidate 5 x 
10 ° M (Fig. 2(B)), produced an approximately 50% 
decrease in the amplitude of the population spike 
evoked by the test-pulse at all interpulse intervals. 
This effect was reversed by 2 hr of washout in normal 
ACSF (Fig. 2(B)). (+)-Etomidate 2 x 10°° M almost 
completely inhibited the population spike evoked by 
the test-pulse at all interpulse intervals from 12 to 300 
msec (Figs. 2(C), 3(B), 4(A), (B)). These effects were 
still present, although diminished, after a 2-hr wash- 
out period in normal ACSF (Fig. 2(C)). 

The concentration of (+)-etomidate producing a 
50% reduction in the mean amplitude of the popu- 
lation spike evoked by a test pulse versus the mean 
amplitude of the population spike evoked by the con- 
ditioning pulse (ICs) was graphically estimated as 6 
x 10 ° M at an interpulse interval of 15 msec. 

In three slices the same experiment as reported 
above was repeated with (— )-etomidate 2 x 10°>M 
in place of (+ )-etomidate. ( — )-Etomidate was without 
effect on paired-pulse inhibition at this dose (Fig. 5(A), 
(B)). 

In three further experiments, 134 mM of NaCl in 
the ACSF was replaced by 134 mM Na isethionate. 
The isethionate ion is too large to pass through the 
CI“ ion-channel and does not alter ACSF pH. In these 
three experiments the inhibition of the test pulse pop- 
ulation spike amplitude produced by (+ )-etomidate 
2 x 10 ° M was completely reversed by isethionate. 
Changing back from isethionate ACSF to normal ACSF 
restored the (+ )-etomidate-produced inhibition (Fig. 
3(C), (D), (E)). 


Discussion 


Early pharmacological studies suggested a GABA-mi- 
metic action for etomidate (23). The same authors 
demonstrated that uptake of ['*C]-glutamate and [*H]- 
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Figure 2. Effects of different concentrations of (+)-etomidate on 
mean (+ SEM) population spike amplitude evoked by test- pulse as 
a percentage of mean population spike amplitude evoked by con- 
ditioning ad at different interpulse intervals (msec). ( 4) 
etomidate 2 x 10 °° M. (B) (+)-etomidate 5 x 10°° M. (O) a + i 
etomidate 2 > x 10° M. Symbol :@—@, control period;-@- —--@-, 


it], 60 min wash-out of drug with 


ACSE, D -— A 120-min wash-out of drug with ACSF (n = 5 
per (+)- onida concentration). 


GABA into rat brain slices was unaffected by 0.2 mM 


(+)- or (—)-etomidate. Later biochemical studies 
demonstrated that (+ )-etomidate did not bind to the 
GABA or benzodiazepine receptors at norma! brain 
concentrations (10). Like barbiturates, (+ )-etomidate 
was shown to increase “H-diazepam binding. sug- 
gesting a similar mechanism of action (10). Study and 
Barker (24) have shown that barbiturates increase the 
effectivity of GABA-ergic inhibition by increasing the 
open time of Cl” ion-channels. 

Physiologic and pharmacologic evidence shows that 
hippocampal pyramidal neuron inhibition 6 me- 
diated by excitation of GABA-ergic basket cells by 
collaterals of axons of pyramidal neurones (13,14); by 
subsequent inhibition of pyramidal neurones by GABA 
released from basket cells (25); the inhibition being 
caused by chloride-ion flux through the membrane 
(16,17,26). The opening of chloride ion channels shunts 
EPSPs away from the threshold for action pctential 
generation, because the chloride equilibrium pctential 
(approx ~- 80 mV) is greater than the resting mem- 
brane potential. Opening chloride ion channels, 
therefore, inhibits neuronal firing. This system was 





activated by paired-pulse stimulation, and the effects 
of etomidate isomers was examined. 

(+ )-Etomidate caused an increase in paired-pulse 
inhibition, indicating a drug-induced enhancement of 
GABA-ergic inhibition. This effect was stereospecific 
because (~—)-etomidate was inactive. (+ )-Etomidate 
had a a ee eo vale for enhanced 


w interval. This value correlates well with 
concentrations of (+ )-etomidate required in the brain 
in order to induce hypnosis and produce anticon- 
vulsant activity (27). This value also correlates with 
the concentration required to stimulate 7H-diazepam 
binding to forebrain membranes by 50% (10 uM) (10), 
but is lower than the value of 100 uM required to 
stimulate “H-GABA binding (28). The experiments in 
which isethionate was used to replace Cl” ions in the 
ACSF demonstrated that the actions of ( + )-etomidate 
on hippocampal recurrent inhibition were chloride- 
ion dependent like those of GABA and pentobarbital. 
Further, the increase in GABA-ergic inhibition 
produced by (+ )-etomidate was shown to occur for 
interpulse intervals between 12 and 300 msec. 

Both barbiturates and benzodiazepines enhance in- 
hibitory GABA-ergic neurotransmission in a chloride- 
dependent manner (17-19, 26). The finding that etom- 
idate, a drug with a completely different structure, 
shows this neurophysiologic action strengthens the 
suggestion that the similar hypnotic and anticonvul- 
sant effects of these three types of drugs result from 
the same primary mechanism of action. The effect of 
these drugs on chloride-ion flux is achieved in dif- 
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Figure 3. Oscilloscope photographs of field potentials evoked from 


CA, pyramidal cells after stimulation of Schaffer collaterals. All 
photographs from the same slice. (A) First upwa rd deflection is the 
stimulation artefact produced by the conditioning pulse. The con- 
ditioning pulse evokes a positive deflection (field EPSP), which is 
interrupted by a fast negative deflection (population spike). Other 
field potentials of the same form are evoked by test-pulse stimu- 
lations at interpulse intervals of 12, 15, 20, 25, and 30 msec. The 
traces are superimposed, one above another. Note that the poten- 
tials evoked by the test-pulse are larger than the potentials evoked 
by the conditioning pulse. (B) After 30 min exposure to (+ }-etom- 
idate 2 x 10°°M the conditioning pulse still evokes a normal field 
potential. However, the population spikes produced by the test 
pulses at the same interpulse intervals are almost completely abol- 

ished. (C) Same time as Fig. 3(B) but shows the held potentials 
evoked by a stimulation pulse pair at a single interpulse interval. 
Note inhibition of second population spike by (+ )-etemidate. Per- 
fusion was then switched to ACSF, where NaCl was replaced by 
Na isethionate. (D) In Na isethionate containing ACSF, the (+ )- 
etomidate-induced inhibition of the population spike evoked by 
the second stimulation pulse is reversed. Signals are larger because 
ef increased density of ACSF. (£) When perfusion with normal 
ACSF is restarted, the ee of the ee spike Sheed 


the effects of 2 x 10 5 M a aianidate are partially ee 


ferent ways. Biochemical evidence shows that ben- 
zodiazepines and GABA act at distinct sites within 
the GABA-receptor complex. The actual site where 
barbiturates and etomidate act is unclear from binding 
experiments (29), however, the availability of new 
ligands such as [*’S]t-butylbicyclophosphorothionate 
(30) may help to clarify this problem soon. Clinical 
differences between barbiturates, benzodiazepines, 
and etomidate would, therefore, depend on the spec- 


ANESTH ANALG 979 


1985:64.979-50 


~ | 20ms 
A 


Figure 4. Duration of (+ )-etomidate 2 x 10 °M inhibition of pop- 
ulation spike evoked by the test pulse. Interpulse intervals from 


30 to 300 msec. 
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Figure 5. Oscilloscope photograph of field potentials evoked by 
conditioning pulse and test-pulse at interpulse intervals of 12, 15, 
20, 25, and 30 msec. (A) Control condition; (B} 30 min perfusion 
with (= )-etomidate 2 x 10°° M. (-)-Etomidate has no effect on 
paired-pulse inhibition. 


ificity of the primary effect on neuronal inhibition, 
and on individual drug pharmacokinetics. 

In conclusion, together with earlier biochemical ex- 
periments, the present study demonstrates that in the 
guinea pig hippocampus etomidate dose-relatedly, 
stereospecifically, and reversibly increases GABA-ergic 
pulse-paired inhibition in a chloride-dependent fash- 
ion. This increase in pulse-paired inhibition occurs at 
bath concentrations similar to those concentrations 
required in the brain for hypnosis and anticonvulsant 
activity. 
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Hospitalization for Miscarriage and Delivery Outcome among 
Swedish Nurses Working in Operating Rooms 1973-1978 


H. Anders Ericson, MPolSc, and A. J. Bengt Kallén, MD, PhD 


ERICSON HA, KALLEN AJB. Hospitalization for 
miscarriage and delivery outcome among Swedish nurses 
working in operating rooms 1973-1978. Anesth Analg 
1985;64:981—8. 


All infants born in 1973-1978 to nurses working in anes- 
thesiology or as operating room nurses were identified from 
a nationwide registry of all births in Sweden, a registry of 
hospitalized spontaneous and legally induced abortions that 
covers 70% of Sweden, and a nurse registry (n = 1323). 
For comparison, a group was formed that consisted of nurses 
working in medical wards (n = 1382). Delivery outcome 
was also compared with the estimate expected from nation- 
wide figures. No statistically significant differences were 
seen, but infants of the anesthesiology/operating room nurses 
had a slightly higher perinatal death rate and a slightly 
higher rate of preterm births and low birth weights than 
infants in the comparison group and the nationwide average. 
On the other hand, the malformation rate was lower in the 


Since the first report on an apparently high rate of 
miscarriages among female anesthesiologists (1), many 
papers have been published on the reproductive haz- 
ards of working with volatile anesthetics. These stud- 
ies have been reviewed (2—4), and the pitfalls and 
uncertainties of the various studies have been pointed 
out. The results of most published studies support 
ihe hypothesis that a reproductive hazard exists, but 
some studies have not been able to verify this (3,5). 
Most studies were questionnaire studies. The prob- 
lems involved in data collection in questionnaire stud- 
ies have recently been discussed (6). One important 
complication is a low response rate. In the large Amer- 
ican study (7), the average response rate was 54% but 
varied in different groups between 76% (an exposed 
group) to 42% (a control group). 

We have previously published a registry study (3) 
on delivery outcome among Swedish women who, in 
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infants of anesthesiology/operating room nurses than in the 
control group or nationwide average. A case-control study 
within the group of anesthesiology/operating room nurses 
was performed. Questionnaires were sent to 75 nurses (25 
cases whose infants died or had serious malformations; 50 
controls whose infants were normal); 74 responded. The 
only difference in working conditions for cases and controls 
was that the cases had worked after the twenty-eighth week 
of pregnancy more often than the controls. However, this 
finding was restricted to nurses whose infants were mal- 
formed, and work after the twenty-eighth week cannot affect 
malformation rate. Work tn anesthesiology or operating rooms 
had no effect on the incidence of hospitalization for miscar- 
riage, perinatal deaths, or malformations detected in the 
neonatal period. 


Key Words: TOXICITY—teratogenicity, trace con- 
centrations. ANESTHETICS, GasEs—trace concentra- 
tions. 


either 1973 or 1975, had worked in operating rooms 
during at least half of their pregnancies. No deviations 
from expected rates of threatened abortion, birth weight 
distribution, perinatal mortality, or malformation rate 
were seen; but we observed a possible increased rate 
of short pregnancies (less than 37 weeks). The study 
(3) comprised 494 deliveries and is, as far as we know, 
the only study so far based on data taken from reg- 
istries where memory bias or other causes of bias in 
data collection are minimized. The present study ex- 
tends our previous study and covers the period 
1973-1978, but it is restricted to registered nurses. 


Material and Methods 


A Medical Birth Registry was initiated in Sweden in 
1973. It contains summaries of the standardized rec- 
ords for maternal health care, delivery units, and pe- 
diatric examinations of the newborn infants. The reg- 
istry thus contains medical information on each delivery 
in Sweden, with less than one percent for which in- 
formation is lacking. Each woman and infant is iden- 
tified with his or her personal identification number, 
a number given shortly after birth to each Swedish 
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citizen. The identification number of each individual 
is kept for life and is used in all types of central 
registration. 

All registered nurses in Sweden are listed in a cen- 
tral registry (the Nurse Registry), also based on the 
personal identification numbers. This registry 1s up- 
dated in September of each year when the nurses are 
required to update their current address and working 
situation. 

The Medical Birth Registry has been linked to the 
Nurse Registry. For each birth to a registered nurse, 
information was added to the Medical Birth Registry 
record on working conditions for the year before and 
the year in which birth took place so that all infants 
born to registered nurses could be identified with ma- 
ternal working conditions. 

A central registry also exists for all hospitalizations 
in nonpsychiatric hospitals in Sweden. This is an ad- 
ministrative registry, but the discharge diagnoses are 
recorded according to the International Classification 
of Diseases (ICD), eighth revision (8). From these data, 
all instances of hospitalization because of sponta- 
neous or legal abortion form a Registry of Abortions. 
Again, each woman is identified by her personal iden- 
tification number. This registry, however, covers only 
about 70% of Sweden, as some counties do not par- 
ticipate. In most hospitals, only a small proportion of 
patients undergoing legal abortions are hospitalized, 
and the registry therefore does not give the actual 
number of legal abortions. Nonetheless it can be used 
for comparing legal abortion rates in two groups of 
women. 

In Sweden a majority of women with spontaneous 
abortions that require medical care are hospitalized, 
and therefore information on the abortion enters the 
registry. The rate of spontaneous abortions registered 
is about 8-9% of all known pregnancies, with some 
variation between counties due to varying hospital- 
ization rates. Both medical and social factors may in- 
fluence hospitalization rates, and small differences in 

rate of hospitalized spontaneous abortions are there- 

fore difficult to interpret. The Registry of Abortions 
is linked to the Nurse Registry, and thus the working 
conditions for a nurse can be determined for the year 
she has an abortion. 

From these two sets of records-—the Medical Birth 
Registry and the Registry of Abortions—two groups 
of registered nurses were selected and compared. The 
first group consisted of all nurses who worked as 
either anesthesiology or operating room nurses dur- 
ing the years before and of a delivery or during the 


year of an abortion. The second group consisted of 


all nurses who worked in internal medicine wards on 


ERICSON AND KALLEN 


HÜ 





op room 
int med 
whole Sweden 


mee erea -aiana 


40 


Ca) 
> 





35-39 L+ 
Maternal age 


25-29 30-34 


Figure 1. Maternal age distribution in anesthesiology and oper- 
ating room nurses, in nurses working in medical wards, and in all 
women in Sweden, 1973—1978. 


the same schedule as group 1 with regard to childbirth 
and abortion. 

For each group, the number of hospitalizations for 
spontaneous abortions, legal abortions, and deliveries 
was determined. The number of infants born, the 
number of stillbirths, and the number of liveborns 
dead within seven days was determined. In the Med- 
ical Birth Registry, malformation diagnoses are given 
as ICD codes. This variable concept is standardized 
to some extent by restriction to so-called significant 
malformations and exclusion of some very variable 
ones, e.g., undescended testicles, subluxation of the 
hips, hydroceles, postaxial polydactyly, nevus. In or- 
der to obtain more detailed information on the pres- 
ence of malformations, the Registry of Congenital 
Malformations (9) was used. This registry gives a more 
detailed description of malformations present. Fur- 
thermore, some malformed infants are reported only 
in that registry, others only in the Medical Birth Reg- 
istry (10). By using both registries, a more complete 
ascertainment of malformation diagnoses was ob- 
tained. For each infant identified in the Medical Birth 
Registry (alive or not, malformed or not), the birth 
weight (related to pregnancy length) and (for live- 
borns) the Apgar score at 5 min are recorded. Apgar 
score distributions, the incidences of perinatal death 
and significant malformations, gestational length, and 
birth weight were compared between the two groups 
and with all women in Sweden who delivered during 
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these years, standardizing for year of birth, delivery 
unit, maternal age, and parity. 

The study was followed up with a case-control 
within-group study. Women working in anesthesiol- 
ogy or in operating rooms whose infants died peri- 
natally or had a severe congenital malformation were 
selected as “cases.” For each case, two controls (preg- 
nancies resulting in normal childbirth) were chosen 
from among the same group of nurses (group 1, above). 
A simple questionnaire was sent to each woman, ask- 
ing for details on her occupation during her pregnancy. 


Results 


Figure 1 shows maternal age and parity distribution 
among two groups of nurses and all women in Swe- 
den. Both groups of nurses had a maternal age dis- 
tribution that deviated from that of all women in Swe- 
den, i.e., no deliveries before the age of 20 and a shift 
to the 25-29 yr age group. There is a slight difference 
between the two groups, with a slightly higher age 
for nurses working in anesthesiology or as operating 
room nurses than for nurses working in medical wards. 
This fact can be explained by the longer training pe- 
riod required for nurses in the former group. Parity 
graphs (Fig. 2) show that nurses who delivered during 
this period are more often of parity 1 or 2 than the 
average woman in Sweden. Again a slight difference 
exists between the two groups of nurses. 

Table 1 presents, for the two groups of nurses, the 
number of births each year, the number of stillbirths, 
the number of infants who died within the first week, 
and the number of infants with a significant malfor- 
mation. The low number of births in 1978 is due to 
the fact that, at the time of data collection, this year 
was not completely documented in the Medical Birth 
Registry. The expected number of dead or malformed 
infants is given (in parentheses), calculated from the 
complete Medical Birth Registry with standardization 
for year of birth, delivery hospital, maternal age, and 
parity. These figures thus give the projected numbers 
for samples of these sizes drawn randomly from all 
births in Sweden, but with the same distribution of 
year of birth, delivery hospital, maternal age, and 
parity as our studied sample. It can be seen that the 
total perinatal mortality among infants born to nurses 
working in anesthesiology or in operating rooms is 
very close to the expected value in a random sample, 
but that the perinatal mortality of infants born to nurses 
working in medical wards is somewhat, but not sig- 
nificantly, lower than the expected rate (11 found, 
16.5 expected, y* = 1.8, 1 df). On the other hand, the 
rate of infants with any malformation is lower than 
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Figure 2. Parity distribution in anesthesiology and operating room 
nurses, in nurses working in medical wards, and in all women in 
Sweden, 1973-1978. 


expected in the group of anesthesiology and operat- 
ing room nurses but higher in the group who worked 
in the medical ward. The difference reaches statistical 
significance (yx? = 4.3, P < 0.05, 1 df) for the former 
group, but not for the latter (y? = 1.5, 1 df). 

Table 2 shows that the sex ratio is the same among 
infants of the two groups of nurses and is the same 
as that found in the general population. The number 
of twin births is greater in infants born to nurses work- 
ing in operating rooms than in those born to women 
working in medical wards. Among the anesthesiology 
and operating room nurses, the number of twin births 
is also higher than that expected for the country as a 
whole (x° = 2.6, 1 df), while in the group of medical 
ward nurses, the registered number is slightly lower 
than that expected nationwide. This phenomenon oc- 
curred despite the fact that the age compositions of 
the two groups of women are relatively similar (Fig. 
1). The difference between the groups does not reach 
statistical significance (yx? = 3.1, 1 df). 

The distribution of pregnancy duration in the two 
groups of nurses is similar and agrees with that ex- 
pected nationwide. A total of 4.4% of infants born to 
nurses working in anesthesiology or in operating rooms 
weighed less than 2500 g, which is slightly (but not 
statistically significantly) more than that expected from 
the whole country. The corresponding rate for infants 
born to nurses working in medical wards is 3.3%. As 
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Table 1. Characteristics of Infants Born to Two Groups of Nurses in Sweden, 1973-1978 


cena meeen ANAA errana i aaan Oe OT 
Aer rennet trer th ngaa n: 


Year Number of infants Stillbirths 








Group #1: Nurses working in anesthesiology or as operation room nurses 
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La nan boomer mennan aA a a 


Livebirths Significant Any 
dead < 7 days malformation malformation 


etree tere tft ttre Yerevan dremaenag tt tanpttintereraamnerpunmenene 


1973 221 2 2 2 9 
1974 273 0 ü l 7 
1975 249 2 3 6 14 
1976 245 2 ] 4 8 
1977 247 0 2 4 8 
1978 8 i ] 0 4 
Total 1323 7 (8) 9 (7.2) t7421) 50 (67) 
Group #2: Nurses working in wards for internal medicine 
1973 274 4 2 7 15 
1974 257 1 1 6 14 
1975 242 0 Q 3 12 
1976 269 0 i 9 23 
1977 272 2 Q 2 10 
1978 68 0 $ 0 2 
Total 1382 7 (8.5) 4 (8) 17 (22) 76 (66) 


Expected numbers are given in parentheses. These are calculated from data for the whole cou ntry after standardization tor year of birth, maternity clinic 


distribution, maternal age, and parity. 


both gestational length and birth weight are influ- 
enced by social factors, the best comparison is prob- 
ably between the two groups of nurses; the rate of 
low-birth-weight infants is thus higher in group 1 
(anesthesiology/operating room) than in group 2 
(medical ward), but this difference is not statistically 
significant (y7 = 2.05, 1 df). Similarly, there is a sta- 
tistically insignificant increased rate of infants with 
an Apgar score less than seven at 5 min in group 1 
compared to group 2. 

In Table 1, malformation rates were compared us- 
ing a relatively crude concept: “significant” malfor- 
mation. Table 3 lists the diagnoses identified. In Table 
3, not only diagnoses given in the Medical Birth Reg- 
istry are listed but also diagnoses identified from the 
Registry of Congenital Malformations. A total of 53 
infants were found with diagnosed malformations 
among the infants born to nurses in group 1 (4.0%); 
the corresponding figure for the infants born to women 
in group 2 is 79 (5.7%). The difference is statistically 
significant (y° = 4.1, 1 df, P < 0.05). The expected 
rate trom the total population is about 5%, which is 
close to the rate of the total group of infants born to 
both groups of nurses (4.9%). 

As the number of infants in the two groups is roughly 
comparable, the absolute numbers of each type of 
malformation can be directly compared. Only for two 
diagnoses are there marked differences: any congen- 
ital heart defect (7 in group 1; 12 in group 2—in group 
2 patent ductus arteriosus was diagnosed in four neo- 


nates), and a positive Ortolani phenomenon (7 and 
22, respectively). No specific malformation is more 
common in group 1 than in group 2. 

As stressed in the Material and Methods section, 
absolute rates of spontaneous or legal abortions are 
difficult to estimate from the available data, but rates 
of the two groups of nurses can be compared. In the 
group that worked in operating rooms, a total of 1323 
births, 87 spontaneous abortions, and 26 legal abor- 
tions were identified. In the group that worked in 
medical wards, 1382 births, 85 spontaneous abortions, 
and 28 legal abortions were identified. Thus, the rate 
of all identified pregnancies ending in spontaneous 
abortion was 6.1% in group 1 and 5.7% in group 2. 
The low rates are explained to at least some extent by 
the fact that the Registry of Abortions covers only 
70% of the country. Because of the similar rates in the 
two groups, 84 spontaneous abortions were expected 
in the first group (in which 87 were found), a differ- 
ence that is not significant. 

In the case-control study, all 25 infants who died 
perinatally or had a severe malformation were se- 
lected from the group of infants born to nurses in 
group 1. For each, two controls born the same year 
as the case were chosen from the same group of in- 
fants, from the same 5-yr maternal age stratum, and 
from the same parity (1,2,3 +) stratum as the case. To 
each one of these 75 nurses, a questionnaire was sent; 
74 replied (letters to the 75th were returned unopened 
with the note that the addressee was unknown in 
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Table 2. Some Characteristics of the Infants Born to Nurses Working in Anesthesiology/Operating Rooms or in 


Medical Wards 








Mothers worked Mothers worked All 
in anesthesiology/ in medical Swedish 
Characteristic operating rooms wards births 
Sex ratio 
Males 680 710 a 
Females 642 672 — 
Ratio 1.06 1.06 1.06 
Twin births 
Observed 16 (1.22%) 8 (0.58%) (0.82%) 
Expected 10.7 11.30 
Pregnancy length 
Less than 33 weeks 16 (1.2%) 17 (1.2%) (1.6%) 
Less than 37 weeks 97 (7.3%) 109 (7.9%) (9.8%) 
Birth weight 
Less than 1000 g 4 (0.3%) Q (0.2%) 
Less than 1500 g 9 (0.7%) 5 (0.4%) (0.7%) 
Less than 2500 g 58 (4.4%) 46 (3.3%) (4.5%) 
Apgar score less than 7 at 5 min 18 (1.4%) 10 (0.7%) (1.5%) 


spite of the fact that all address registers gave that 
address as the current one). The reply rate is thus 
nearly 99%. 

Table 4 summarizes the responses. There were 
slightly more nurses working as anesthesiology nurses 
than as operating room nurses in the case group than 
in the control group. This ratio is mirrored in a higher 
general work rate in anesthetic departments, but the 
difference is not statistically significant. Two nurses 
had worked in outpatient departments where general 
anesthesia was probably not common; both were con- 
trols. The place of work was not specified for four 
nurses. Two nurses pointed out that they had hardly 
been exposed to anesthetic gases (one case; one con- 
trol). Four worked only half-time (two cases; two con- 
trols), and one (a control) had not worked during her 
first trimester of pregnancy. 

The only remarkable difference was in the length 
of work during pregnancy in the two groups. A total 
of 14 nurses had stopped work before week 28 (2 cases 
and 12 controls) (P < 0.05): in six of them the neonate 
had severe malformations that originated long before 
the 28th week (0 cases and 6 controls); in eight, the 
infant was dead perinatally (2 cases and 6 controls). 
The effect of stopping work before week 28, therefore, 
seems to be more associated with malformations than 
with perinatal death, which seems biologically 
improbable. 


Discussion 
Data collected in this study gives little evidence for a 
high incidence of abnormal outcome of pregnancy in 


registered nurses who worked in anesthesiology and 
in operating rooms (group 1) during pregnancy. Peri- 
natal death rates were similar to those expected from 
nationwide data but slightly (although not statistically 
significantly) higher than in the comparison group: 
nurses working in medical wards (group 2). The num- 
ber of registered spontaneous abortions was also 
somewhat higher in group 1 than in group 2, but the 
difference was far from statistically significant. On the 
other hand, the number of malformed infants born 
to women in the group supposedly exposed to an- 
esthetics was smaller than the number expected from 
the country as a whole. The difference between the 
two groups reached statistical significance. It is hard 
to believe that this occupation can protect against birth 
defects, but theoretically such an effect could be ob- 
tained by increasing the abortion rate of malformed 
embryos. It is more likely that the finding is random 
in spite of the statistical significance; many compar- 
isons have been made. Actually, the difference seems 
to depend to a large extent on a high number of con- 
genital hip subluxations in the group of comparison 
(group 2, nurses working in medical wards), and this 
diagnosis is very sensitive to local diagnostic practice 
for instance. The upper 95% confidence limit for the 
malformation rate in the exposed group is 5.2%, which 
is very close to the average risk in the country. No 
specific type of malformation was seen more fre- 
quently in infants born of nurses working in operating 
rooms than in infants born of nurses working in med- 
ical wards. 

This conclusion—the apparent lack of reproductive 
hazards resulting from work in anesthesiology or in 
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Table 3. Malformations Diagnosed in Infants Born to 
Nurses Working in Operating Rooms or in 
Medical Wards 


Mothers 
worked in 


Mothers worked 
in anesthesiology/ 





Diagnosis“ operating rooms medical wards 
Neural tube defects 3 4 
Preauricular tags 3 3 
Ear dysplasia 0 1 
Cleft lip and/or palate 3 3 
Unspecified larynx 1 9 

malformation 
Megacolon 1 0 
Anal atresia and cardiac 0 | 
defect 
Patent ductus arteriosus 0 4 
Ventricular septal defect 1 p 
Cardiac defect and pes l Q 
calcaneovalgus 
Severe cardiac defect l 0 
Unspecitied cardiac 4 7 
defect 


All cardiac defects 7 
2 umbilical vessels 2 
Pes equinovarus 2 4 
Metatarsus varus 0) 


Pes calcaneovalgus 

Positive Ortolani 7 22 
phenomenon 

Arachnodactyly 1 0 

Positive Ortolani and 1 9 
pes calcaneovalgus 

Thumb duplication 1 0 

Unspecified limb 0 2 
reduction 

Foot syndactyly 0) 2 

Osteogenesis imperfecta l 9 

Chondrodystrophy and i 0 
microtia 

Unspecified face/skull 1 0 
malformation 

Nevus 2 4 

Epidermolysis bullosa 0 l 

Retentio testis 3 4 

Hydrocele testis 6 D 

Hypospadias 0) 3 

Epispadias 0 ] 

Urethral atresia/stenosis 1 Q 

Bilateral renal agenesis 0 3 

Down’s syndrome 2 i 

Total a3 79 


“Malformation diagnoses ascertained from both the Medical Birth Regis- 


try and the Registry of Congenital Malformations. 


operating rooms—-is at variance with most but not all 
previous studies. There are some possible explana- 
tions for this discrepancy. 

This study is based on registry data and may be 
too crude, either with respect to outcome or with 
respect to exposure. Registration of perinatal deaths 
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Table 4. Summary of Responses for the Case-Control 
Questionnaire Study Made Among Operating 
Room Nurses 





Cases Controls 
Type of work 
Anesthesiology 15 (60%) 26 (53%) 
Operating room nurse 9 (36%) 22 (46%) 
Other 1 


Type of hospital clinic 


Anesthesiology 13 (52%) 19 (39%) 


Central operating unit 4 (16%) 5 10%) 

Surgical clinic 1 (4%) 5 (10%) 

Obstetrics/gynecology 1 5 

ENT ] 4 

Ophthalmology 1 0 

Plastic surgery 1 0 

Thoracic surgery 2 

Neurosurgery 4 

Pediatric surgery 2 

Outpatient department 2 

Non-specified 1 3 
Other information 

Little exposure to 1 1 

anesthetic gases 

Worked half-time 2 2 

Stopped work < 28 weeks 2 12 

No work first trimester 0 l 


No. of cases (perinatally dead or severely malformed infants), 25. 
No. of controls matched for year of birth, maternal age and parity, 50. 
No. of non-responders, 1 (control). 


is close to 100% correct and unbiased. Registration of 
malformations is never absolutely complete, but by 
using both available registries (the Medical Birth Re- 
gistry and the Registry of Congenital Malformations) 
it is believed that more than 90% coverage is obtained, 

at least for surviving infants and for serious malfor- 
mations. Furthermore, although the fact that a woman 
works in medical areas may influence the registration 
of minor malformations (11), it is not likely that the 
actual type of work done by a nurse will influence 
that registration to any large extent. The same is true 
for spontaneous abortions as defined in this study; 
although probably incomplete, it is not likely that the 
type of work done by the nurse will influence to any 
marked extent the probability that she will be hos- 
pitalized for a spontaneous abortion and, therefore, 
be entered into our study. 

On the other hand, it should be remembered that 
the outcomes studied here cover only part of the re- 
productive failures. Obviously, infertility, sometimes 
claimed to be the result of exposure to anesthetic gases, 
cannot be evaluated. This is also true to some extent 
for early spontaneous abortions, which may not come 
to medical attention or for which the woman may not 
be hospitalized. It can be estimated that the sponta- 
neous abortions registered in the Registry of Abor- 
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tions represent a miscarriage rate of ne 
8-9% of all pregnancies. This means that perhaps 20% 
of all clinically recognized spontaneous abortions do 
not require the woman to be hospitalized, are not 
entered in the registry, or both. To a large extent these 
are probably relatively early abortions, and it is pos- 
sible that the occupational hazards in operating rooms 
are selectively directed to such early miscarriages. Bi- 
ologically, early miscarriages often have different causes 
than do late miscarriages; a large proportion of the 
former are due to gross chromosomal aberrations. The 
negative outcome of the study with regard to mis- 
carriages can thus be due to the absence of registration 
of early miscarriages. 

Similarly, only birth defects recognizable at birth 
or during the first weeks of life were studied. It is 
possible (but there is no evidence) that later devel- 
opments like mental retardation occur at an increased 
rate in infants born to women who worked in oper- 
ating rooms during their pregnancy than in infants 
born to other nurses. 

The information about anesthetic exposure in the 
registry is crude, indicating only that the nurse worked 
in anesthesiology or as an operating room nurse. This 
is the type of exposure data that has been available 
in most studies on the subject. In the present study, 
however, the information comes from a registry. The 
questionnaire follow-up study verified that among 74 
nurses asked for information, 73 reported that they 
actually worked as anesthesiology or operating room 
nurses during the relevant pregnancy, but two nurses 
said that exposure to anesthetic gases had been very 
low (one case, one control). 

In the primary analysis, anesthesiology and oper- 
ating room nurses were treated as one group. It is 
likely that anesthetic gas exposure is higher for anes- 
thesiology nurses than for operating room nurses, but 
in previous studies both types have often been re- 
garded as “exposed.” The case-control within-group 
study performed indicated a slight but not statistically 
significantly increased risk for anesthesiology nurses 
compared to operating room nurses. This may indi- 

cate that group 1 actually has a somewhat higher risk 
but its presence cannot be demonstrated with cer- 
tainty, even in a study of this size. 

Another explanation for the negative outcome of 
the study could be that the working environment in 
operating rooms in Sweden during this time period 
was so clean that no real exposures occurred among 
the personnel. A study of this problem (12) showed 
that this was not the case—only 2 out of 21 operating 
rooms studied fulfilled the stipulated air exchange 
requirements (at least 17 complete air changes per 
hour, at least 2000 m°/hr). Furthermore, time-weighted 
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average halothane concentrations of more than 7 ppm 
were measured for anesthesiology nurses and of about 
2.5 ppm for operating room nurses. 

Obviously, the ideal exposure information should 
include type of anesthetic gases used, air concentra- 
tions, and number of hours of exposure. This infor- 
mation cannot be ascertained in the type of study 
made; and, generally speaking, detailed exposure data 
are difficult to get for large enough numbers of women 
to make studies on pregnancy outcome meaningful. 

The nature of many earlier studies makes their con- 
clusion on reproductive hazard for anesthesiology and 
operating room personnel questionable (reviews in 
2-4). One main drawback with most earlier studies 
that gave positive associations between exposure and 
reproductive hazards is that they were questionnaire 
studies, often with a high percentage of nonrespond- 
ers (7) or they were small, with a moderate percentage 
of nonresponders (13,14). In one postal questionnaire 
study (6), an increased rate of spontaneous abortions 
was found in women working in operating rooms 
where exposure to anesthetic gases was likely. In spite 
of a relatively low percentage of nonresponders, this 
group was shown to be markedly atypical with few 
reported miscarriages among nonexposed women. 
When identified but unreported pregnancies were in- 
cluded in the analysis, no significant difference in 
miscarriage rate | remained (6). That study underlies 
the problems in postal questionnaire studies with even 

moderate nonresponder rates. Also, the actual infor- 
mation given by the responders has been shown to 
be biased by the hazards thought to exist (15). It can 
be pointed out that the high malformation rate some- 
times observed (14) is mainly due to minor anomalies 
like skin marks, which are especially sensitive to re- 
porting bias. It is possible that the conclusions drawn 
from questionnaire studies with sometimes rather high 
nonresponder rates are false due to shortcomings in 
the material analyzed, and that the registry data used 
in the present study are more likely to give correct 
estimates of the risks involved. 

This study has not shown that it is harmless to 
work in the operating room during pregnancy. What 
has been shown is that the point estimate of the rel- 
ative risk to have an infant with a congenital malfor- 
mation is below 1, and its confidence interval excludes 
the possibility of any marked effect on the group of 
malformations that are recognized in the newborn 
period. It is still possible that specific exposure con- 
ditions and the use of specific anesthetic gases may 
carry a risk, and this should be contemplated in plan- 
ning work protection. On the other hand, the pres- 
ence of a congenital malformation in an infant born 
to an anesthesiology or operating room nurse or the 
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occurrence of a miscarriage should not necessarily be 
blamed on occupation; it may be due to other expla- 
nations, including genetic factors. 
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Note Added in Proof 


Since this paper went to press, Hemminki et al. have 
published a report in which they observe that expo- 
sure to anesthetic gases produced no statistically sig- 
nificant effect on spontaneous abortion rates or on 
malformation rates. This study is also based on re- 
gistry material and followed up with questionnaires: 
Hemminki K, Kyyrönen P, Lindbohm M-L. Sponta- 
neous abortions and malformations in the offspring 
of nurses exposed to anesthetic gases, cytostatic drugs, 
and other potential hazards in hospitals, based on 
registered information of outcome. J Epidemiol Com- 
munity Health 1985;39:141-7. 
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Personnel working in the operating room complex may be 
at increased risk for chemical impairment. It has been pro- 
posed that this predisposition may be related to the frequency 
of use of controlled substances and the inadequate control 
over distribution of these medications, which frequently ex- 


Historically, control and accountability of drug 
administration in the operating room (OR) complex 
have been difficult, particularly in regard to controlled 
substances. In general, the use of narcotic agents for 
“balanced anesthesia” has become quite common. 
More specifically, the popularity of fentanyl, a highly 
potent, short-acting narcotic, has also increased con- 
siderably, especially as an anesthetic for patients 
undergoing cardiac operations. The distribution and 
appropriate safeguards of this large volume of con- 
trolled drugs have presented problems for operating 
room personnel. 

Traditionally, the systems for distribution of con- 
trolled substances in operating rooms have not pro- 
vided the accountability and control mandated by 
Federal and state regulations. This may be related to 
the urgent and critical nature of surgical and anes- 
thetic practice and the common perception that all 
drugs must be readily available at a moments’ notice. 
Perhaps the routine daily administration of controlled 
substances by anesthesiologists minimizes the appre- 
ciation for the importance of governmental regula- 
tions controlling their use. Increasing attention has 
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ists in the operating room. A system utilizing a pharmacy 
satellite in the operating room has increased the control and 
accountability of drug administration practices. Several other 
alternative systems are also reviewed. Emphasis is placed 
on the establishment of a quality assurance program to mon- 
itor compliance routinely. 


Key Words: ANALGESICS—control systems. AN- 
ESTHETICS, iNTRAVENOUS—control systems. 


been paid to the problem of substance abuse among 
physicians (1-5). A recent survey indicated that 74% 

of anesthesia training programs surveyed reported at 
least one instance of suspected drug dependence 
among anesthesia personnel (6). The omnipresent 
availability of drugs has been cited as a potentially 
significant cause for the relatively high incidence of 
chemical dependence among anesthesiologists (6). 


The Traditional Distribution System 


The controlled substance distribution system com- 
monly employed by most hospitals involves delivery 
of a floorstock supply of drugs by the pharmacy to 
the OR nursing station. The quantity of drugs deliv- 
ered is recorded, and each drug supply is accom- 
panied by a proof-of-use sheet. The drug supply is 
controlled by the nursing staff, who dispense varying 
quantities at the request of the anesthesiologist, nurse 
anesthetist, or surgeon prior to each procedure. Cir- 
culating nurses are also responsible for obtaining ad- 
ditional doses during surgical procedures. 

Under this system, nurses are required to complete 
entries on proof-of-use sheets, although they are not 
actually administering the drugs. This practice cir- 
cumvents the primary intent of the proof-of-use pro- 
cess. The person actually administering the drug should 
make the entry on the proof-of-use record, but under 
this system there may be no accountability for the 
actual use of a drug after it leaves the nursing station. 


A number of problems are inherent with such a 
system: 


1. Proof-of-use documents often do not match actual 
stock levels of the drug. 

2. There is no record of waste or disposal of controlled 
substances. 

3. There is no quality assurance audit trail that com- 
pares drug requisition records against actual drug 
administration. 

4. Controlled substances can be found in nonsecure 
locations such as anesthesia carts and equipment 
boxes. 

5. Controlled substances are left unattended in op- 
erating rooms after surgical procedures have been 
completed. 


This system also results in noncompliance with 
Federal, state, or Joint Commission for the Accredi- 
tation of Hospitals (CAH) regulations for record 
keeping. 

Federal laws require that the following be recorded: 


1. Name, strength, and quantity or volume of con- 
trolled substances dispensed or administered. 

2. Name of prescriber and individual administering 
the controlled substance. 

3. Date of administration. 

4. Name of the patient to whom the controlled sub- 
stances are administered. 

5. Number of units or volume disposed of by the 
prescriber. 

6. Maintenance of controlled substance records for 
two years. 


State laws (in Connecticut)’ require that 


1. Separate records be maintained for the adminis- 
tration of schedule Il, Ul, and IV controlled 
substances. 

2. Records of use of controlled substances be main- 
tained for three years. 


The JCAH requires that dosage and time of admin- 
istration of all anesthetic agents or other. drugs ad- 
ministered during the induction of, maintenance of, 
and emergence from anesthesia must be documented. 

Before 1982, the drug distribution system in the 
OR at Yale-New Haven Hospital was similar to the 
traditional system. In 1982, the Departments of Anes- 
thesiology, Pharmacy, Nursing, and Security met to 
assess the existing weaknesses and to devise ways to 
improve the controlled substance distribution system. 
As the first step, a set of goals and objectives was 


"Each state has separate laws governing controlled substance 
use. The reader should check with state or local authorities for 


specific regulations. 
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Table 1. Goals 


1) Clinical care in the OR must not be impeded. 

2) Increased accountability of controlled substances dispensed in 
the OR. 

3) Reduction of controlled substance loss and waste. 

4) Decreased nursing involvement in dispensing of controlled 
substances. 

5) Placing the burden of accountability on those responsible for 
the administration of controlled substances. 

6) Development of a quality assurance audit trail to compare 
controlled substance dispensing against the actual drug 
administration record. 

7) Compliance with Federal, state and JCAH regulations. 


developed (Table 1). This led to consideration of a 
number of alternatives. 


Continuation of the Traditional Dispensing System 


The traditional dispensing system was discarded be- 
cause of the many problems described earlier (i.e., 
poor record keeping, lack of control of drug use, lack 
of an audit trail of drug use). 


A Machine to Dispense Medications 


Such a system (J. Laycock, personal communication) 
maintains a record of all drugs dispensed and is ac- 
tivated by three “keys”: the patient’s addressograph 
plate, a medication plate, and an operator ID key 
(issued to each anesthesiologist and nurse anesthe- 
tist). It was determined that this system was inade- 
quate for a number of reasons, including initial pur- 
chase price, the limited capacity for dispensing large 
ampules, the necessity of providing a mechanism to 
bypass the system in the event of mechanical break- 
down or lost ID keys, and the difficulty in returning 
unused medication without leaving gaps in the audit 
trail. Also, this system would still require an addi- 
tional full-time pharmacist or technician to maintain 
drug stock and process records. 


Individualized Anesthesia Boxes 


Each anesthesiologist would be responsible for his or 
her own locked drawer. The boxes could then be locked 
into either an anesthesia cart when in use or into a 
master security cart when not in use. This system 
would offer the advantage of individualizing drug 
supplies and would make anesthesiologists and nurse 
anesthetists ultimately accountable for their own drug 
supplies. This system was considered unacceptable 
because it would require a larger and expensive work- 
ing inventory of drugs. In addition, anesthesia per- 


CONTROLLED SUBSTANCE ACCOUNTABILITY 


Table 2. Budget 
Initial costs Yearly costs 


1.0 Full-time employee 


pharmacy technician $15,500 
Printing: requisitions, 
ete, 350 350 
Narcotic cabinets (4) 600 
Miscellaneous supplies 100 100 
$1050 $15,950 


Total 


sonnel did not wish to be personally responsible for 
large quantities of controlled substances. 


An Operating Room Pharmacy Satellite 


We ultimately decided to institute an OR pharmacy 
satellite in the patient “holding area” of the OR com- 
plex. Reports of other OR satellites have appeared in 
the literature and have addressed the issue of ac- 
countability in varying degrees (7-9). The satellite is 
staffed by a pharmacy technician who is supervised 
by a pharmacist from the central inpatient pharmacy. 
This system was employed because it directed re- 
sponsibility for drug distribution to a single individual 
and provided greater flexibility than a dispensing 
machine. 

The costs for material necessary for establishment 
of the OR pharmacy satellite were minimal and in- 
volved allocation of a small room off the main holding 
area, installation of double-locked narcotic cabinets 
for storage of drug supplies, and an additional dou- 
ble-locked cabinet in the holding area for return of 
unused medications (see below). Additional expenses 
involved printing requisition forms and other record- 
keeping documents (Table 2). 

The only significant expense of an OR pharmacy 
satellite is the annual salary of the pharmacy tech- 
nician (Table 2). However, while utilization of the 
technician does incur a recurrent annual expenditure, 
there are other benefits provided by this position. The 
technician serves as a direct liason with the central 
pharmacy and can expedite procurement of drug sup- 
plies not normally stocked in the OR. The technician 
also organizes and controls other nonnarcotic drugs 
stocked in the OR, does all the ordering of drug sup- 
plies, and routinely checks drug supplies contained 
in emergency (code) carts for outdated medications. 
The system also significantly reduces the personnel 
time and costs associated with follow-up and inves- 
tigation of controlled substance discrepancies. 

The satellite is staffed on weekdays from 7:00 AM 
to 3:30 pM. The procedures employed involve two 
different systems, one for weekdays, and one for after 
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Figure 1. Controlled substance distribution flow chart. 
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hours and weekends. During fiscal year 1982-1983, 
approximately 14,000 anesthetic procedures were per- 
formed, and a total of 17,000 controlled substance 
requisitions were processed in the satellite pharmacy. 
The 17,000 figure includes requisitions for elective as 
well as emergency cases. 


System during Elective Schedule 


The distribution system employed at Yale~New Ha- 
ven Hospital is depicted in Figure 1. Before each case 
or series of cases, anesthesiologists or nurse anesthe- 
tists report to the satellite pharmacy and complete and 
sign a requisition form for medications that are re- 
quired (Fig. 2). The requisition requires basic infor- 
mation, including the name of the anesthesiologist, 
the date, and the type and amount of medication 
requested. The form also contains space for patient 
names, the amount of drug(s) actually administered 
to each patient and the quantity of drug(s) wasted or 
returned to the satellite at the completion of the case. 
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Return white copy to pharmacy satettile after completion of cess 


After the requisition is completed, the pharmacy tech- 
nician distributes the requested drugs to the anes- 
thesiologist with the original copy of the requisition, 
retaining a copy in the satellite. 

Anesthesiology personnel are responsible for re- 
cording, at the completion of the operation, the quan- 
tity of drug(s) actually administered intraoperatively 
to each patient. This information is in addition to 
information recorded on the anesthesia record. At the 
completion of a case or at the end of the day, the 
completed form is returned to the satellite along with 
medications not used (including partially filled sy- 
ringes, as well as intact units). The pharmacy tech- 
nician then verifies that the sum of the amount used 
and the amount returned equals the original quantity 
requested and given to the anesthesiologist. At this 
time, the copy of the requisition form is discarded. 
Copies remaining at the end of the day indicate that 
drugs and requisitions are still outstanding, and the 
appropriate anesthesiologist is then contacted. 

A complete record of disbursement and a perpetual 
inventory is maintained for each drug item by the 
pharmacy technician. A record of waste and discard 
of all partially used vials and syringes is also main- 
tained, and all partial doses are discarded by the tech- 
nician and a pharmacist at the end of each day. 


system during Nights and Weekends 


Because it would not have been cost-effective to pro- 
vide a pharmacy technician 24 hr per day, a medi- 
cation “night kit” system was designed to accom- 
modate needs of the emergency schedule (3:30 PM-7 
AM). Two kit types were prepared (Table 3). Kit 1, the 
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Table 3. Night Kits 
Kit |—Standard 





Kit 2—-Open Heart 











Item Quantity Item Quantity 
Fentanyl ampuls Fentanyl ampuls 
(5 ml) 2 (20 ml) 5 
Diazepam ampuls Diazepam ampuls 
(10 mg) 2 (10 mg) 2 
Morphine sulfate 
ampul (10 mg) l 


ariete 








Kits are packaged in serially numbered zip-lock plastic bags that contain 
the above medications and a requisition form. 


standard kit, covers most emergency procedures. Kit 
2 is provided for emergency cardiac operations. This 
night kit system has been extremely well received and 
rarely is there a need for requesting additional items 
not contained in these kits. Should such a need arise, 
additional drug items (e.g., meperidine, pentobarbi- 
tal) may be requisitioned from the nursing station in 
the cardiothoracic intensive care unit, located adj jacent 
to the OR complex. (In the two years since this system 
was instituted, fewer than ten requests for drugs have 
been made to the cardiothoracic ICU. ) 

Night kits are stored in a double-locked narcotic 
cabinet located in the anesthesia workroom. Thio- 
pental, which is premixed by the pharmacy depart- 
ment, must be refrigerated and is stored in a locked 
refrigerator, also located in the anesthesia workroom. 
Twenty standard kits, six open-heart kits, and 80 thio- 
pental syringes are stocked in the workroom and are 
sufficient for a weekend (average 15 cases/weekend). 
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PATIENT NAME: 


Figure 3. Night kit requisition form. ANESTHESIOLOGIST: 
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QUANTITY DOSE AMOUNT PHARMACY 
__DESIRED KIT? KIT 2 ADM. ss RETURNED DISCARDS 


FENTANYL 20 mi AMP 
FENTANYL 5 ml AMP 


MORPHINE 10 mg AMP 
THIOPENTAL 250 mg/10 mi SYR 
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Only on long holiday weekends is it necessary to 
increase the number of kits. At the end of each regular 
7:00 AM-3:30 PM shift, the pharmacy technician and 
the evening OR charge nurse verify the number of 
kits and number of thiopental syringes in the work- 
room, and both sign the change-of-shift record. At 
this time, the keys to the night cabinet and refrigerator 
are given to the evening charge nurse by the phar- 
macy technician. At each subsequent shift change, 
the remaining kits are verified by the charge nurses 
and the keys are transferred, according to state and 
Federal law. The nurses are responsible only for se- 
curity of the keys. Record keeping is the sole respon- 
sibility of anesthesiology personnel. 

When a kit is required, the charge nurse is paged 
to open the night cabinet. The anesthesiologist selects 
the kit required and signs the numbered requisition 
contained in the kit. The copy of this requisition is 
returned to the cabinet, and the original is retained 
by the anesthesiologist (Fig. 3). Each night kit and 
requisition bears a matching serial number that is also 
listed on a master sign-out sheet. The anesthesiologist 
must also sign this sheet by the appropriate number. 

The night kit requisition requires the same docu- 
mentation of drug usage as that used during regular 
hours. At the completion of the procedure, the com- 
pleted requisition and any remaining drugs are placed 
in a plastic zip-lock bag and deposited in the return 
cabinet located in the holding area. This cabinet, sim- 


Return white copy to pharmacy satellite after completion of case. 


ilar to a rnailbox, has a slot cut into the front doors 
for deposit of kits. Anesthesiology staff have been 
discouraged from carrying leftover quantities of con- 
trolled substances during the evening. The return box 
enables compliance with this policy. The pharmacy 
technician documents and verifies the returned kits 
during the next regular shift and replaces the supply 
of kits in the night cabinet. 


Accountability and Quality Assurance 


The success of any system is dependent upon the 
accountability of the personnel working within that 
system. When the new distribution system was first 
implemented, there was, as might be expected, some 
resistance by anesthesiology staff. The staff had be- 
come accustomed to the former system, which placed 
very little responsibility on them. It quickly became 
apparent that the new system would fail unless anes- 
thesia personnel were totally accountable for their uti- 
lization of controlled substances. A strict quality as- 
surance program was designed to provide this 
accountability. 

Whenever a discrepancy arises (i.e., missing drugs, 
or missing or incomplete records), the anesthesiolo- 
gist who initially requested the drugs is contacted 
(within 12 hr) and is asked to explain and correct the 
discrepancy. If the discrepancy cannot be adequately 
explained, the anesthesiologist is required to meet 
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with the Chief of Anesthesiology and a hospital se- 
curity officer. If the discrepancy still cannot be re- 
solved, a written report is filed with the Security De- 
partment, and depending on the circumstances of the 
case, further action may be taken. This component of 
the quality assurance (QA) program is put into effect 
on a daily basis as requisitions and medicatiens are 
returned to the satellite. This phase of the program 
ensures that the documentation of medication usage 
on the requisition is complete. 

A second component of the QA program examines 
the completed requisitions and compares them to the 
anesthesia records. At varying times each month, 10 
completed requisitions are selected at random. The 
anesthesia records for the patients recorded on those 
requisitions are then obtained and compared to the 
requisition. Specifically, the “amount administered” 
as recorded on the requisition is compared to the 
anesthesia record. All data are recorded on an Anes- 
thesia/OR Quality Assurance Report Form (Fig. 4). If 
discrepancies exist, they are noted on the form, and 
copies of the form are forwarded to the Chief of An- 
esthesiology and the Security Department for in- 
vestigation. 

More recently, a third component of the QA pro- 
gram has been adopted. Previously, when partially 
used syringes and vials were returned, there was no 
system to verify their contents. Fentanyl, morphine, 
and cocaine solution are of most concern in this re- 
gard. Presently, samples of returned substances are 
selected at random and submitted to the hospital 
chemistry department or an outside laboratery for 
qualitative and quantitative analysis. If the analysis 
reveals deviation in concentration or the substance 
itself, this is reported to Security and an investigation 
is conducted. 

All of the quality assurance components are well 
known to the OR staff, which encourages compliance. 
The greatest number of discrepancies occurred during 
the first several months after implementation of the 
new system. In almost all instances, the discrepancies 
were due to inadequacies in record keeping and doc- 
umentation of drug usage data. However, in a small 
number of cases, discrepancies were unresolved after 
investigation, and this was made a matter of record 
and reported to the Drug Control Division, Depart- 
ment of Consumer Protection of the State of Con- 
necticut. 

Consistent and rapid follow-up of all discrepancies 
has been the key to the success of this program. The 
program is now well accepted by all operating room 
personnel. A major requirement was that the system 
not hamper clinical care. It has not. The advantages 
afforded by the system are several. The accuracy and 
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completeness of the anesthesia record have improved 
considerably. The amount of medications wasted has 
decreased. The burden of responsibility and account- 
ability for controlled substance use has been placed 
upon the personnel actually administering the drugs. 

The pharmacy technician, as mentioned above, also 
assists in the distribution and control of other drug 
items in the OR. The number of missing drugs and 
lost charges have decreased since the inception of the 
system. In addition, the technician, by keeping ap- 
propriate inventory, has all but eliminated the occur- 
rence of out-of-stock situations. 

Finally, the opportunity for diversion of controlled 
substances in the operating room has been greatly 
reduced. During the first year of the program, several 
individuals were involved in unexplained discrep- 
ancies that resulted in investigations and appropriate 
actions. However, during the last two vears, no doc- 
umented discrepancies have occurred. In a number 
of instances, discrepancies have been due to record 
keeping errors or illegible handwriting. Individuals 


initially suspected of drug diversion because of un- 
usual prescribing profiles, have been subsequently 
exonerated following further investigation. 

If the incidence of chemical impairment is more 
prevalent in operating room personnel, the ready 
availability of these substances may well be the major 
contributing factor (6). No drug control system is 
tamper-proof. However, the system utilizing a phar- 
macy satellite in the OR area makes drug diversion 
considerably more difficult and increases the proba- 
bility of detection. In an effort to further improve the 
system, plans are being made to develop routine re- 
view of drug-administration profiles. This profile would 
not only review average controlled substance utili- 
zation by individual anesthesiologists, nurses, and 
surgeons, but will also create an “average use profile” 
for each year of the anesthesia residency program. 
Significant deviation from the normal use profile would 
warrant further investigation.* 

The operating room pharmacy satellite can provide 
increased control and accountability of controlled sub- 
stance use. The program is a multidisciplinary one 
and should involve a cooperative effort by the De- 
partments of Anesthesiology, Pharmacy, Security, and 
Nursing in order to maximize its benefits. The pro- 
gram does not impede clinical care and does not re- 
quire an increased time commitment by OR person- 
nel. The key to the success of this, or similar programs, 
is the inclusion of a quality assurance component that 
provides an absolute audit trail of medication use. 
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Since we submitted this paper, Adler et al. have pub- 
lished a discussion of the use of a computer-generated 
report of individual drug usage trends by anesthe- 
siologists: Adler GR, Potts FE m, Kirby RR, et al. 
Narcotics control in anesthesia training. JAMA 
1985;258:3133-6. 
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Fifty-two neonates delivered by elective cesarean section were 
evaluated using the Neonatal Neurologic and Adaptive Ca- 
pacity Scores. Twenty of the mothers received general anes- 
thesia, 14 received epidural, and 18 received spinal anes- 
thesia. All mothers receiving regional anesthesia were 
prehydrated with 1000 ml of lactated Ringer's solution and 
were given oxygen vid a transparent face mask, All mothers 
undergoing general anesthesia received les aia for in- 
duction followed by N,0-O) (4 L:4 L) and 0.5% enflurane 


until delivery of the baby. All mothers were healthy, not in 
labor, and were scheduled for elective cesarean section. All 
neonates weighed 2500 g or more, had Apgar scores of 7 or 
more at 1 and 5 min, and had normal acid base and blood 
gas data. Neonates delivered with general anesthesia scored 
significantly lower on some of the test items for adaptive 
capacity, passive tone, active tone, primary reflexes, and 
total scores at both 15 min and 2 hr of age (P < 0.05) than 
those delivered with etther epidural or spinal anesthesia. 
Neonates delivered with epidural anesthesia scored lower 
than those deltvered with spinal anesthesia on supporting 
reaction and motor activity at 2 hr of age (P < 0.05). All 
neonates had high scores at 24 hr, at which time there were 
no significant differences between the three groups. 


Key Words: ANESTHESIA, OBSTETRIC. 
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Traditionally, neonatal condition at delivery has been 
evaluated clinically with the Apgar scoring system 
and biochemically with umbilical cord acid-base mea- 
surements. Although both are immensely useful in 
detecting gross neonatal drug depression, perinatal 
trauma, and birth asphyxia, these tests evaluate only 
depression of vital functions and are insensitive to 
subtle or delayed effects. Many infants may show 
alterations in neurologic and behavioral function de- 
spite normal or high Apgar scores (1-4). 
Neurobehavioral tests include the Scanlon Early 
Neonatal Neurobehavioral Scale (ENNS) (5) and, most 
recently, the Amiel-Tison/Barrier/Shnider Neurolog- 
ical and Adaptive Capacity Score (NACS) (6). These 
examinations differ in their comprehensiveness and 
the emphasis they place on the various aspects of 
neurologic function and newborn behavior. 
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NACS is a test that is easy to perform and score. 
It also places special emphasis on tests designed to 
evaluate passive tone. To date there have been no 
reports in which NACS detected adverse neonatal 
responses to anesthesia. The present study was un- 
dertaken to evaluate the validity and the sensitivity 
of the NACS examination and also to compare the 
effects of general and regional anesthesia for cesarean 
section on neonatal neurobehavioral performance. 


Materials and Methods 


Fifty-two healthy women at term, not in labor, and 
scheduled for elective cesarean section volunteered 
to participate in the study. Informed consents were 
obtained from all patients after approval by the Hu- 
man Research Committee of Los Angeles County- 
University of Southern California Medical Center. None 
of the patients received any narcotics or sedatives 
prior to anesthetic induction. Patients were divided 
into three groups: group 1 patients (n = 20) received 
general anesthesia, group 2 patients (n = 18) received 
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Table 1. Patient Data 


Group 1 Group 2 Group 3 
(n = 20) in = 18) (7 = 14) 
General Spinal Epidural 
Maternal 29.4 + 1.6 27.9 A 25.2 od 
age (yr) 
Maternal 158.0 + 4.3 161.2 255 157.4 + 8.6 
height (cm) 
Maternal 61.4 + 0.7 62.2 + 0.8 61:7 0.6 
weight (kg) 
Gestational 38.4 + 0.7 39.5 + 0.3 39.8 + 0.4 
age (wk) 
Infant 3508 + 128 3634 + 65 3430 + 104 


weight (g) 


Values are mean = sem. No significant differences between groups by 
Student's t-test. 


spinal anesthesia, and group 3 patients (n = 14) re- 
ceived epidural anesthesia. Group 1 patients were 
premedicated with 0.2 mg glycopyrrolate intrave- 
nously and a clear oral antacid. After 3 mg d-tubo- 
curarine, anesthesia was induced using thiopental 4 
mg/kg followed by succinylcholine 1.5 mg/kg, and 
endotracheal intubation. Anesthesia was maintained 
with nitrous oxide, oxygen (4 L:4 L), and 0.5% en- 
flurane until delivery of the infant. Enflurane was 
discontinued after delivery of the infant and inter- 
mittent increments of 2 mg of butorphanol were then 
given intravenously to supplement N20. Ventilation 
was controlled using a mechanical ventilator. Before 
administration of the regional anesthetic, all patients 
received 1000 mi of lactated Ringer’s solution. Spinal 
anesthesia was performed at the level of L;—-L, inter- 
space using 1% tetracaine with an equal volume of 
10% dextrose and epinephrine with doses of tetra- 
caine ranging from 7-8 mg. Epidural anesthesia was 
administered through an epidural catheter placed at 
the L;—-L, interspace using either 3% 2-chloroprocaine 
(n = 7) or 2% lidocaine (n = 7), both with 1:200,000 
epinephrine. Initial volumes of 15-20 ml of local an- 
esthetics were used. All patients in groups 2 and 3 
received oxygen via a face mask after administration 
of the regional anesthesia. Left uterine displacement 
was maintained in all patients in all groups. 

NACS scores in the 52 neonates were assessed at 
15 min, 2 hr, and 24 hr of age. All neonates weighed 
2500 g or more, had Apgar scores of 7 or more at 1 
and 5 min, and had normal acid-base and blood gas 
data. The NACS was performed by an anesthesia 
research fellow trained to perform this examination 
by the senior author who had been trained by Dr. 
Shnider. The NACS gives a total score, the maximum 
being 40. Arbitrarily choosing 35-40 as the score de- 
noting a vigorous baby (6,15), we determined the per- 
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Table 2. Acid-Base and Blood-Gas Data 





Group 1 Group 2 Group 3 


General Spinal Epidural 
Umbilical 
vein 
Number 20 18 14 
pH 7.33 + 0.01 7.32 + 0.01 7.33 + 0.01 
PO, (torr) 27.1 + 2.4 26.8 + 1.9 24.0 + 1.2 
PCO, (torr) 41.0 + 1.8 40.7 + 1.5 38.6 + 1.3 
Base excess -38 t 05 -4.6 + 0.5 -~4.3 + 0.7 
(mEg/L) 
Umbilical 
artery 
Number 20) 18 13 
pH 7.28 + 0.01 7.25 + 0.02 7.27 = O01 
PO, 16.5 + 1.1 14.0 + 0.9 14.2 + 1.1 
PCO2 48 + 2.0 SEZ 2) 48.0 + 1.1 
Base excess -2.8 + 0.4 ~3.7 + 04 -3,5 £ 0.4 
(mEq/L) 


Values are mean + SEM. No significant differences between groups as 
determined by Student's t-test. 


centage of infants scoring 35 or higher and compared 
these in the three groups at 15 min, 2 hr, and 24 hr. 
We also determined the percentage of infants having 
high scores on each of the individual test items Le., 
those having scores of 2. 

Data were analyzed for statistical significance using 
Student's f-test and y-square when appropriate. A 
P value of < 0.05 was considered statistically significant. 


Results 


Data on maternal age, weight, height, infant gesta- 
tional age, and weight are summarized in Table 1. 
There were no significant differences among the three 
groups. All neonates had normal blood gas and 
acid-base status, and there were no significant dif- 
ferences between the three groups (Table 2). 

NACS scores did not differ significantly between 
the neonates whose mothers received epidural lido- 
caine and those who received chloroprocaine; for this 
reason the data for the epidural group were pooled. 

Neonates delivered with general anesthesia scored 
significantly lower than did neonates delivered with 
either epidural or spinal anesthesia in tests of adaptive 
capacity, passive tone, active tone, primary reflexes, 
and total scores at both 15 min and 2 hr of age. Neo- 
nates delivered with epidural anesthesia scored sig- 
nificantly lower than those delivered with spinal anes- 
thesia in tests of supporting reaction and motor activity 
at 2 hr, but there were no differences at 15 min of 
age. All neonates had high scores at 24 hr at which 
time there were no significant differences between the 
3 groups (Table 3). 
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Table 3. Percentage of Infants who Scored 2 for Each Test Item of the Neurologic and Adaptive Capacity Score after 
Cesarean Section Using General Anesthesia (Group 1), Spinal Anesthesia (Group 2) or Epidural Anesthesia (Group 3) 








15 min 
Groups l 2 3 

Adaptive capacity 

Sound 47 50 43 

Habituation to sound 45 44 36 

Light 85 89 93 

Habituation to light 60 72 57 

Consolability 80 100 93 
Passive tone 

Scart sign 80 94 86 

Elbow recoil 40 89 93° 

Lower limb recoil 85 94 100 

Popliteal angle 90 100 100 
Active tone 

Neck flexors 70 78 79 

Neck extensors 70 89 79 

Palmar traction 35 67 gy 

Supporting reaction 80 100 89 
Primary reflexes 

Palmar grasp 60 83 71 

Automatic walking 40 6l 93" 

Sucking 90 89 79 

Motor response 100 100 100 
General assessment 

Alertness 95 100 93 

Crying 100 100 93 

Motor activity 80 100 86 
% of good scores on all tests 45 78 g3 





2 hr 24 hr 
I 2 3 ] 2 3 
40 8y 62 75 100 85 
67 56 82 65 SI 69 
83 89 92 90) 87 92 
72 67 89 s5 81 Fi 
J4 100 92 100 100 100 
95 100 85 100 94 92 
so 100 92 84 87 100 
89 100 100 95 94 100 
95 100 100 95 94 100 
94 94 92 95 94 92 
78 94 85 85 100 92 
72 72 67 RO 75 69 
89 100 69 g5 100 92 
83 83 54 85 87 69 
56 67 77 60 63 62 
100 100 100 100 100 100 
94 100 100 100 100 100 
94 100 86 95 100 100 
94 100 85 100 100 92 
89 100 69 90 100 100 
94 94 77 95 190 92 


meme e a a eee aAa aaa A A A A aaa aaa n aaa a iy a a aaam aagana maayaaa a maaa p paa aa a pa p A AA AA ee AA amaia 


“Statistically significant differences between general and epidural anesthesia. 
‘Statistically significant differences between general and spinal anesthesia. 


‘Statistically significant differences between spinal and epidural. 


Discussion 


Findings from the present study indicate that general 
anesthesia for cesarean section is more depressant 
than regional anesthesia on NACS. They also indicate 
that the NACS examination is a valid and sensitive 
test for evaluating neurobehavioral performance scores. 
Hodgkinson et al. (3) have also found that babies 
delivered after general anesthesia for cesarean section 
scored lower than those delivered after spinal anes- 
thesia, using the Early Neonatal Neurobehavioral 
Scores. 

The ENNS has been used primarily to examine 
neurobehavioral changes associated with the use of 
anesthetic drugs. The test was designed to be per- 
formed 2-8 hr after birth, a time that corresponds 
to the neonatal half-life of commonly used amide 
local anesthetics. Anesthetic-related neurobehavioral 
changes were primarily manifested as decreased tone 
or diminished response decrement in an otherwise 
alert infant (5). 

The NACS developed by Amiel-Tison et al. em- 
bodies some portions of the Brazelton Neonatal Be- 


havioral Assessment Scale (7), the Scanlon ENNS (5), 
and the Amiel-Tison neurologic examination (8). All 
criteria were chosen from those used in standard neu- 
rologic and clinical behavioral testing. They specifi- 
cally chose items that have been demonstrated to be 
affected by obstetric medications, perinatal asphyxia, 
or birth trauma. Like Scanlon, they also selected spe- 
cific items that were easy to perform, required no 
complicated equipment, were quickly observable and 
simple to score, and possessed a high interobserver 
reliability. However, Amiel-Tison et al. (6) believed 
that the ENNS puts too little emphasis on neonatal 
tone, and is not designed to distinguish tone differ- 
ences in extensor and flexor muscles of the neck or 
differences in tone between upper and lower parts of 
the body. They believe that these differentiations are 
important in diagnosing abnormalities that are due to 
birth trauma rather than to drug depression. The ENNS 
also uses strongly aversive stimuli, such as repeated 
pinprick and Moro maneuver that are a potential source 
of maternal hostility when the newborn infant is tested 
in the presence of the mother. 

Finally, the NACS uses eight separate tests for tone. 


NEONATAL RESPONSES AFTER CESAREAN SECTION 


Four tests of passive tone emphasize the upper and 
lower extremities equally, and allow detection of hy- 
potonia that may be unilateral or confined to the up- 
per part of the body, as seen in mild birth trauma or 
perinatal asphyxia (8). The same is true for the tests 
of active tone. Additionally, the tests of active tone 
are more refined, which allows detection of abnor- 
mally high tone in neck extensors, as occurs in intra- 
cranial hypertension (9). Generalized mediocre tone 
responses probably indicate a more global depression 
and are frequently associated with drugs and 
anesthetics. 

Other reports have also shown that general anes- 
thesia for vaginal delivery was associated with lower 
neurobehavioral scores than regional anesthesia (2), 
possibly due to thiopental, which might depress the 
neonate due to its slow rate of metabolism. The me- 
dium-acting barbiturates, including pentobarbital, 
which is the main metabolite of thiopental, have pre- 
viously been shown to depress sucking in neonates 
(10,11). The metabolites of thiopental also have an 
effect on the electroencephalogram of neonates for 
several days (12). Because the importance of neonatal 
neurobehavioral tests is still unknown, it would seem 
reasonable to assume that a high-risk neonate may 
be more likely to do well with regional anesthesia than 
with general anesthesia since tone and reflexes are 
better with regional anesthesia, but further work is 
needed to fully evaluate this issue. Another advan- 
tage of regional anesthesia over general anesthesia in 
obstetrics is the parent-child bonding (13,14), which 
can be adversely affected by obstetric medications. 

In the present study neonates delivered after epi- 
dural anesthesia scored lower than those delivered 
after spinal anesthesia for motor activity and sup- 
porting reaction at 2 hr, but not at 15 min of age. Since 
no apparent explanation for this difference is avail- 
able, the smaller amounts of local anesthetics used 
for spinal anesthesia might have been a factor in ac- 
counting for this difference. Other reports have also 
shown that neurobehavioral test performance de- 
creaces at 2—4 hr of age (15,16). KLaus and Kennel (17), 
and Desmond et al. (18) report that after birth there 
is a 45-60 min period of infant alertness or “reactivity” 
that is followed by a 3 or 4 hr interval of deep sleep 
and poor responsiveness. Another period of alertness 
then occurs. Therefore any test of neurobehavioral 
status performed 2-4 hr after birth probably would 
find the infant less responsive and would reveal de- 
creased neonatal performance. 

It is concluded from our study that the NACS that 
has been used recently to evaluate neonatal effects of 
obstetric medications (15,19-21) is a valid and sensi- 
tive examination for neurobehavioral performance, and 
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that general anesthesia for cesarean section is more 
depressant than regional anesthesia during the first 
few hours of life. Because these findings may have 
minimal effects on a healthy infant, a high risk neo- 
nate may be adversely affected by general anesthesia 
and further work is needed to evaluate the effect of 
general and regional anesthesia on high risk neonates. 
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The effect of diltiazem-induced hypotension on intracranial 
pressure (ICP) was studied in dogs with normal and elevated 
ICP. Eight dogs were anesthetized with intravenous pen- 
tobarbital, intubated, and ventilated with N.O:0,. Mean 
arterial pressure (MAP), heart rate (HR), pulmonary artery 
pressure (PAP), pulmonary capillary wedge pressure 
(PCWP), central venous pressure (CVP), and cardiac out- 
put (COQ) were recorded. A ventriculostomy was performed 
for measurement of ICP. Baselines were established, and 
diltiazem was infused to reduce MAP 40 + 1% for 10 min. 
After recording the effects of diltiazem-induced hypotension 
during normal ICP, ICP was elevated by infusion through 
a ventriculostomy cannula of pH-adjusted Ringer’s lactate, 


baselines were reestablished, and MAP was again reduced 
by 40 + 1% with diltiazem. When baseline ICP was nor- 
mal, diltiazeni-induced hypotension produced a statistically 
significant increase in ICP (4.8 + 0.6 mm Hg) and a 
decrease in cerebral perfusion pressure (CPP). When base- 
line ICP was elevated, a smaller increase in ICP occurred 
(1.3 + 0.5 mm Hg). Although these increases in ICP were 
not clinically significant, the dose of diltiazem required to 
lower MAP 40% caused significant alterations in HR, s Sys- 
temic vascular resistance, CO, and PCWP. Serious cardiac 
rhythm disturbances occurred in five of eight dogs when 
baseline ICP was normal and in six of eight dogs when 
baseline ICP was elevated. The relatively long duration of 
diltiazem’s hemodynamic effect and the high incidence of 
cardiac rhythm disturbances make it an unsuitable drug for 
mducing deliberate hypotension. 


Key Words: BRAIN—intracranial pressure. PHAR- 
MACOLOGY—-diltiazem. 





Drugs currently available for inducing hypotension 
either increase intracranial pressure (ICP), are poten- 
tially toxic, or have toxic metabolites (1). When mass 
lesions compromise intracranial compliance, a sud- 
den increase in ICP associated with a decrease in mean 
arterial pressure (MAP) may lower cerebral perfusion 
pressure (CPP) to less than 40 mm Hg, resulting in 
cerebral ischemia (2). 

Three calcium entry blocking drugs are currently 
available for clinical use in the United States. They 
are systemic arterial vasodilators and potent cerebral 
artery vasodilators (3). Calcium channel blockers have 
been shown to be effective spasmolytic agents (4), and 
two of these drugs, nifedipine and verapamil, have 
been reported to increase ICP in doses that signifi- 
cantly decrease blood pressure (5,6). The effect of dil- 
tiazem on ICP is unknown. Therefore, we investi- 
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gated the effects of diltiazem-induced hypotension on 
ICP in dogs with normal and elevated ICP. 


Materials and Methods 


Eight mongrel dogs (15-21 kg) were anesthetized with 
acepromazine (1 mg) and intravenous pentobarbital 
(10-12 mg/kg), intubated, and ventilated with 70% 
N.O in O., to maintain arterial carbon dioxide tension 
(Paco) at 34 + 2 mm Hg and arterial oxygen tension 
(PaO2) greater than 100 mm Hg. Incremental pancu- 
ronium (2 mg) was used as necessary for muscle re- 
laxation. A femoral arterial catheter was inserted for 
monitoring blood pressure and sampling arterial blood, 
and a flow-directed thermodilution pulmonary arte- 
rial catheter was placed via the femoral vein for mea- 
surement of central venous pressure (CVP), pulmo- 
nary artery pressure (PAP), pulmonary capillary wedge 
pressure (PCWP), and cardiac output (CO). Heart rate 
and rhythm were monitored by standard four-lead 
electrocardiogram (ECG). A right posterior parietal 
burr hole was made, and a lateral ventriculostomy 
cannula (20-gauge angiocatheter) was inserted for ICP 
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determination. Baseline values were recorded when 
ICP was normal. Diltiazem (2.5 mg/ml) was then in- 
fused through a peripheral vein to lower MAP by 40 
+ 1% for 10 min. ICP, ECG, CVP, and PAP were 
recorded continuously. CO was measured in triplicate 
just prior to administration of diltiazem and 1, 5, and 
10 min after diltiazem: Diltiazem infusion was then 
discontinued, and baselines were reestablished. ICP 
was then increased over a 10-min period to 31 + 1 
mm Hg by infusion of pH-adjusted Ringer’s lactate 
through the ventriculostomy cannula. Diltiazem was 
again infused to decrease MAP by 40%, and mea- 
surements were repeated. 

We did not randomize the order of elevated vs 
normal ICP baseline conditions because experience 
has shown us that sustained elevation of ICP often 
causes a supercompliant condition that invalidates 
subsequent tests of drug effects in the presence of 
normal ICP. That is, if we give a known cerebral vaso- 
dilator, like nitroprusside, under the condition of ini- 
tially normal ICP, we are likely to get a 10-15 mm Hg 
increase. However, if we check the effect of nitro- 
prusside on normal ICP after having checked the ef- 
fect on artificially. elevated ICP, the effect on normal 


ICP is attenuated by about half. In distinction, check- . 


ing the effect of a drug on normal ICP first does not, 


in our poe: affect the subsequent effect during 


elevated ICP. 

For both normal arid elevated ICP conditions, val- 
ues of PAP, PCWP, CO, and HR used. for analysis 
were the average of the 1-, 5-, and 10-min postdilti- 
azem values. ICP values used for analysis were taken 
at their point of maximum.change between initiation 
of diltiazem infusion and restoration of baseline MAP. 
Cerebral perfusion pressure (CPP) was calculated from 
the formula CPP = MAP — ICP. Systemic vascular 
resistance (SVR) was calculated as SVR = (MAP — 
CVP)/CO. Results were analyzed for statistical sig- 
nificance using the two-tail paired t-test, with each 
animal’s prediltiazem baseline serving as control. P 
values <0.05 were considered statistically significant, 
and all intervals reported with mean values are + 
standard error of the mean (SEM). 


Results 


When ICP was normal, 0.23 + 0.04 mg-kg~'min7! 
of diltiazem was required to reduce MAP from 115 + 
5 mm Hg to 70 + 4mm Hg. When ICP was elevated, 
0.20 + 0.03 mg-kg~ ‘min ~’ of diltiazem was required 
to reduce MAP from 107 + 7 mm Hg to 66 + 5mm 
Hg. Onset of action was 1-2 min with recovery to 
near baseline (within 10%) requiring 30-60 min (av- 
erage 50), with no difference in recovery time between 
the two initial ICP conditions. 
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Table 1. The Effect of Diltiazem on MAP, ICP, HR, CO, 
PAP, PCWP, SVR, and CPP in Dogs with Normal ICP 


Control Diltiazem Mean A + SEM 

MAP (mmHg) 115 +5 70 + 4 46 + 2 

ICP (mm‘Hg) 7.9+ 0.5 12.6 + 0.8 4.8 + 0.6 
HR (beats/min) 177 + 131 + 10 46 + 10° 
CO (L/min) 4.8 + 0.4 4.9 + 0.4 0.1 + 0.44 
PCWP (mmHg) 46405 7141.1 1.6 + 1.0 
PAP (mm Hg) 16 +1 171 0.6 + 1.44 
SVR > 25 + 2 15 + 2 10 + 1.0 
CPP (mm Hg) 108 + 5 58 + 4 50 + 2.0? 


All values are mean + SEM (n = 8). 
“Highest ICP after diltiazem. l 

iP < 0.01. 

‘P < 0.05. 

“Not significant. 

‘SVR was measured in 10* dynes-sec:cm™ 


During diltiazem-induced ippon, under both 
initial ICP çonditions, statistically significant increases 
in ICP occurred. When initial ICP was normal, the 
increase was 4.8 + 0.6 mm Hg, and CPP was reduced 
to 58 + 4 mm Hg. When ICP was elevated, the in- 
crease was 1.3 + 0.5 mm Hg, and CPP was reduced 
to 38 + 3mm Hg. Diltiazem significantly reduced HR 
under both initial ICP conditions. With the diltiazem 
doses necessary to prodiice a 40% decrease in MAP, 
serious cardiac rhythm disturbances occurred in five 
of eight dogs when baseline ICP was normal and in 
six of eight dogs when baseline ICP was elevated. 
These disturbances consisted of sécond degree atrio- 
ventricular block of the Mobitz I variety. SVR de- 
creased significantly under both experimental con- 
ditions. CO was unaltered when ICP was normal but 
was reduced significantly when initial ICP was ele- 
vated. PAP remained unchanged under both ICP con- 
ditions, while PCWP increased (see Tables 1 and 2). 


Discussion . 


During diltiazem-induced hypotension, ICP in- . 
creased in dogs with normal and elevated ICP. This: 

result is congruent with the finding that diltiazem | 
increases common carotid, internal carotid, and re- 
gional cerebral blood flow in dogs (4). Although both 
increases in ICP were statistically significant, neither . 
increase was clinically significant. Intracranial pres- 
sure remained within the normal range, and CPP was 
maintained at an acceptable level. Our observed in- 
crease in ICP during diltiazem-induced hypotension 
was small compared to nitrate-induced arterial hy- 
potension (7). This may be because calcium entry 
blockers have negligible effects on venous capacitance 
vessels, whereas nitrates produce marked venous dil- 
atation (8,9). Comparison of our results with other 
studies suggests that diltiazem-induced hypotension 


DILTIAZEM-INDUCED HYPOTENSION 


Table 2. The Effect of Diltiazem on MAP, ICP, HR, CO, 
PAP, P PCWP, SVR and CPP in Dogs with Increased ICP 








Control Diltiazem Mean A + SEM 
MAP (mm Hg) 107 = 7 66 + 5 37 po 
ICP {mm Hg) 30.9 + 0.9 CP e e | Ps e 0 
HR (beats/min) lo] + 10 J10 + 10 S k T 
CO (L/min) SSS 4.5 +05 E2 
PCWP (mm Hg) 4.7+ 0.4 8 + 0.8 3.3 + 0.6° 
PAP (mm Hg) 16 -= 1 17+ 1 0.8 + 0.8 
SVR 19 a2 1b 2 4 + 0.5” 
CPP (mm Hg) TA 30° 25 6i eR 





All values are mean + SEM {u = 8). 
“Highest ICP after diltiazem. 

‘P< QOL. 

P< 0.05. 

“Not significant. 

SYR was measured in 10° dynes-sec-cm * 


also produces smaller increases in ICP than either 
verapamil (6) or nifedipine (5). 

We recorded a 4.8 mm Hg increase in ICP during 
diltiazem-induced hypotension when baseline ICP was 
normal, and a 1.3 mm Hg increase in ICP when base- 
line ICP was elevated. Although neither of these in- 
creases was clinically significant, we would have ex- 
pected the larger absolute increase to occur when 
baseline ICP was elevated. Perhaps diltiazem’s effect 
on relaxation of cerebral vessels was the same with 
both administrations, but the lesser amount of actual 
dilation (and so the lesser increase in ICP) occurred 
because control blood pressure was 8 mm Hg lower 
during the second administration of diltiazem (see 
Tables 1 and 2). 

Rapid onset and termination of action are require- 
ments of an ideal agent for induction of arterial hy- 
potension during anesthesia. Although the onset of 
action of diltiazem is comparable to many commonly 
used hypotensive agents (1-2 min), its duration of 
action (average 50 min) is tar longer. Indeed, com- 
parison of control hemodynamic values for our first 
and second administrations of diltiazem (see Tables 
l and 2) indicates that even a 50-min wait left MAP, 
HR, and SVR slightly depressed. This raises the pos- 
sibility that our second administration was contami- 
nated by residual from the first. Albeit, five of the six 
dogs that experienced disarrhythmias during the sec- 
ond administration of diltiazem also suffered disar- 
rhythmias during the first administration. Because the 
first administration cannot have been contaminated 
by the second, the empirical validity of this finding 
is not an artifact of cumulative effects. 

In the present study, diltiazem reliably reduced 
MAP in dogs. As is true with other calcium entry 
blockers, this results predominantly from decreased 
SVR (10). The effect of calcium entry blockers on CO, 
myocardial contractility, and HR are variable and de- 
pend upon simultaneous compensatory sympathetic 
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response to vasodilation and the negative inotropy of 
the drug. Cardiac output may remain unchanged, as 
in the initial part of our experiment (Table 1), may 
increase when left ventricular function is normal, or 
may decrease due to a predominance of negative in- 
otropy, as occurred in the latter half of our study. 
Reduction in CO is not likely to occur in patients with 
impaired left ventricular (LV) function (11,12). Al- 
though plasma renin does significantly increase dur- 
ing calcium entry blocker therapy (13,14), rebound 
hypertension has not been reported upon discontin- 
uation of diltiazem and was not seen in our study. 

Our finding that PAP remained stable is in agreement 
with other work finding no change in subjects with 
normal PAP (15,16). 

Kapur and Tippit (17) recently reported prolonged 
PR intervals and Wenkebach heart block in dogs given 
less than one tenth the dose of diltiazem required to 
reduce MAP by 40% in our study. The majority of 
our animals -o atrioventricular block. This 
suggests an overlap between the dosage needed to 
produce adequate vasodilation for induced hypoten- 
sion and the dosage that produces serious cardiac 
arrhythmia. Although the hemodynamic effects of 
diltiazem can be greatly modified by the various in- 
halational agents used during neurosurgery (see (11) 
for review), the polypharmacological effects of these 
drug combinations on ICP remains unknown. 

In conclusion, although diltiazem’s effect on ICP 
is minimal, its long duration of action and adverse 
cardiac effects (17-19) suggest that it is not a suitable 
agent for inducing controlled hypotension. 


We thank Ms. Ellen L. Jackson for manuscript preparation, Dr. 
Bartol Matanic, DVM, for professional courtesies, and George McCoy 
for laboratory assistance. 
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Comparative Effects of Halothane, Enflurane, and Methoxyflurane 
on the Incidence of Abnormal Development Using Sea Urchin 
Gametes as an In Vitro Model System 


Robert E. Hinkley, jr, PhD, and Brent D. Wright, Bs 


HINKLEY RE jr, WRIGHT BD. Comparative effects of 
halothane, enflurane, and methoxyflurane on the 
incidence of abnormal development using sea urchin 
gametes as an in vitro model system. Anesth Analg 
1985;64:1005-9. 


The incidence of sea urchin embryos developing abnormally 
after their exposure to equimolar concentrations of halo- 
thane, enflurane, and methoxyflurane has been determined. 
Halothane concentrations in the 0.6-1.25 mM range caused 
18-96% of the embryos to undergo abnormal cleavage at 
the first cell division. This is important because embryos 
exhibiting atypical cleavage patterns at the first cell division 


Several reports have appeared in the literature de- 
scribing the purported fetotoxic, ‘“embryolethal,’”’ and 
teratogenic effects of volatile anesthetics in various 
animal model studies (1-4). These studies are, how- 
ever, generally difficult to compare because of the use 
of different anesthetic agents and dosages, as well as 
the duration and timing of exposure. The inability to 
eliminate maternal stress as a possible cause of at least 
some of the effects observed has complicated these 
studies still further. Although some studies have failed 
to demonstrate an effect of volatile anesthetics on re- 
production (5) or an appreciable effect on develop- 
ment (6,7), it has been concluded generally that 
“probably all inhalational anesthetics currently in use 
can cause embryotoxic effects when administered to 
pregnant animals at anesthetic concentrations for suf- 
ficient duration” (3). 

As part of an ongoing research project aimed at 
defining the effects of inhalational anesthetic agents 
on early embryonic development, we compared the 
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eventually involute and die before reaching gastrulation. 
Over the same range of concentrations, enflurane and me- 
thoxyflurane have minimal effects on development. How- 
ever, when exposed to 2.5 mM methoxyflurane, nearly 40% 
of the cells did not fertilize. These results show that volatile 
anesthetic agents have decidedly different effects on devel- 
opment and suggest that the incidence of abnormal devel- 
opment may not correlate directly with the anesthetic po- 
tency of inhalational agents. 


Key Words: ANESTHETICS, vo.atite—halothane, 
enflurane, methoxyflurane. TOXICITY—teratogenicity. 


effects of halothane, enflurane, and methoxyflurane 
on fertilization and development through first cell di- 
vision using sea urchin gametes as a model system. 
The purpose of these experiments was two-fold. First, 
we wanted to directly observe the effect of volatile 
anesthetics on the processes of fertilization and sub- 
sequent development using an in vitro model system. 
Second, we wanted to see whether any observed ef- 
fects were related to the anesthetic potency of the 
agents tested. 


Materials and Methods 


Sea urchins (Lytechinus variegatus) were collected lo- 
cally and induced to spawn by routine methods de- 
scribed earlier (8). Eggs were washed in natural sea 
water (SW) containing 5 mM TAPS buffer (tris- 
hydroxymethyl-methylaminopropane sulfonic acid), 
pH 8.3. Sperm was collected in concentrated form in 
oyracuse dishes and placed on ice until used, usually 
within 1 hr. 

Anesthetic solutions were prepared in 20-ml foil- 
lined screw-cap glass scintillation vials (8,9). A 10-pl 
gas-tight Hamilton syringe was used to add an amount 
of liquid anesthetic calculated to yield 0.3, 0.6, 1.25, 
or 2.5 mM in 20 ml of SW—-TAPS. The anesthetic was 
dissolved by vigorous shaking of the vial. 

For anesthetic exposure, 20-ml liquid scintillation 
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Table 1. Effect of Halothane, Enflurane, and Methexyflurane on the Percentage of Dividing Sea Urchin Embryos 
Exhibiting Abnormal Cleavage Patterns at the First»Cell Division 








Anesthetic mM % Abnormal P 
Halothane 0.3 578 6.2 <{},043 
0.6 544 17.6 «<0, 0002 
1.25 569 96.1 <<0.0001 
25 496 99.8 <<<0.0001 
control 534 3.6 — 
Enflurane 0.3 333 4.5 
0.6 576 3.5 f 
1.25 578 3.8 n 
25 587 5.3 <0.049 
control 685 3.1 me 
Methoxyflurane 0.3 536 3.2 a 
0.6 489 4.3 á 
1.25 592 4.7 a 
2.5 398 36.7 < 0.0001 
control 573 4.4 es 





Abbreviation: n, total dividing cells counted, 
P >> 0.5. Control values do not differ significantly (P >> 0.95). 


vials each were inoculated with 200,000 eggs. After 
the eggs settled to the bottom of the vial, the SW was 
aspirated and replaced with SW-TAPS containing 
known concentrations of halothane, enflurane, or me- 
thoxyflurane. Eggs were incubated with anesthetic for 
15 min and then were fertilized (in the presence of 
anesthetic) by adding 200 ul of a stock sperm sus- 
pension (20 ul concentrated sperm in 20 ml SW-TAPS 
prepared just before use) to yield a final sperm/egg 
ratio of 2000:1. This ratio was used because recent 
work has shown that under these conditions fertil- 
ization is essentially complete and instantaneous with 
less than 5% polyspermy (10). Sperm and eggs were 
thoroughly mixed to ensure maximal interaction and 
allowed to settle for 5 min. The eggs were then re- 
suspended in fresh SW-TAPS, transferred to Petri 
dishes, and allowed to develop through the first cell 
division, at which time the embryos were fixed in 
5.6% formaldehyde in SW-TAPS, pH 8.0. 

Embryos undergoing cytoplasmic division were 
scored as either dividing normally (symmetrical cleav- 
age) or exhibiting abnormal (asymmetric) cleavage 
patterns. For counting purposes, abnormal cleavages 
were defined as those resulting in blastomeres of un- 
equal number or size. The percentages of embryos 
dividing abnormally in experimental cultures were 
compared with those of control cultures by the two- 
tailed arcsine transformation method for testing the 
equality of percentages from unequal sample sizes 
(11). Differences were considered significant when 
P < 0.05. Necrotic cells as well as those remaining 
unfertilized at the time of the first cell division were 
also counted. 


Results 


As can be seen in Table 1, halothane dose-depen- 
dently increased the incidence of cells exhibiting ab- 
normal cleavage patterns at first division (compare 
Figure 1(A) with 1(B)-(D)). While the incidence of 
abnormally cleaving cells was only marginally af- 
fected by 0.3 mM halothane (P < 0.05), the incidence 
of abnormal cleavage increased significantly when eggs 
were fertilized in the presence of 0.6 mM halothane. 
When eggs were exposed to 1.25 mM halothane, the 
percentage of abnormally developing cells increased 
dramatically, to 96%; when eggs were exposed to 2.5 
mM, nearly all dividing cells exhibited atypical cleav- 
age patterns. At this concentration we also noted that 
15% of all cells counted were necrotic by the first cell 
division (Table 2; Fig. 1(E)). 

In contrast, enflurane had no appreciable effect on 
development over this same range of concentrations. 
Even when we used 2.5 mM enflurane, the highest 
concentration tested, the number of cells undergoing 
abnormal cleavage was only marginally larger than 
the abnormal controls (P < 0.05), and no increase in 
necrotic or unfertilized cells was observed (Table 2). 
Similarly, methoxyflurane concentrations of up to 1.25 
mM also had no effect on development or on the 
percentage of cells appearing necrotic or remaining 
unfertilized. Concentrations of 2.5 mM methoxyflur- 
ane, however, provoked a marked increase in the 
number of embryos undergoing abnormal develop- 
ment, along with a slight increase in the number of 
necrotic cells (Table 2). In addition, exposure to 2.5 
mM methoxyflurane caused a striking increase in the 


SEA URCHIN DEVELOPMENT 





Figure 1. Nomarski differential interference contrast micrographs 
of sea urchin embryos fixed in 5.6% formaldehyde at the time of 
the first cell division. (A) Control cell undergoing the first cell 
division. Note symmetry of cleavage furrow and uniform size of 
blastomeres. Bar, 25 um. (B-D) Halothane-treated cells fixed at the 
same time point as cell shown in A. Note supernumerary blasto- 
meres resulting from multiple cleavage furrows. (E) Necrotic cell 
observed in halothane-treated culture. More than 15% of the cells 
became necrotic after exposure to 2.5 mM halothane. (F) Unfertil- 
ized cell in methoxyflurane-treated culture. Sperm bound to the 
egg surface are visible at the periphery. Nearly 40% of the eggs 
exposed to sperm in the presence of 2.5 mM methoxyflurane did 
not fertilize. All x 215. 


number of cells remaining unfertilized (Table 2; Fig. 
1(F)). 


Discussion 

In this study we compared the developmental sen- 
sitivities of fertilized sea urchin eggs to equimolar 
concentrations of halothane, enflurane, and methoxy- 
flurane. The results showed that development was 
most sensitive to halothane, relatively unaffected by 
enflurane, and modified by methoxyflurane only at a 


ANESTH ANALG 1007 
1985;64: 1005-9 


concentration of 2.5 mM. In this regard, it should be 
pointed out that the concentrations of anesthetics used 
in these experiments (and expressed in millimolarity) 
were chosen to span the range of concentrations used 
clinically and to correspond to concentrations in the 
gas phase (vol/vol) of 0.58-4.80% for halothane, 
Q.63-5.22% for enflurane, and 0.10-0.85% for me- 
thoxyflurane. These values were calculated assuming 
that the sea water/gas distribution coefficient at 25°C 
was similar to the saline/gas partition coefficients of 
these agents. The saline/gas partition coefficients used 
in these calculations were taken to be equal to 0.95 
(12) that of the water/gas partition coefficient (13). The 
assumed sea water/gas coefficients were 1.2 for halo- 
thane, 1.1 for enflurane, and 7.0 for methoxyflurane. 

These data show that volatile anesthetics clearly 
differ in their ability to promote abnormal develop- 
ment in the in vitro sea urchin model system. The 
ability of the agents tested to modify development 
does not appear to correlate directly with their relative 
anesthetic potencies (MAC) in humans (14). If the 
incidence of abnormal development were related to 
anesthetic potency, then we should have observed 
numbers of abnormally developing embryos in pro- 
portion to the relative potencies of the anesthetics 
examined. Based on human MAC values (about 0.2% 
for methoxyflurane, 0.8% for halothane, and 1.7% for 
enflurane (14)), the relative anesthetic potency of me- 
thoxyflurane is approximately four times greater than 
halothane and eight times greater than enflurane. The 
data in Table 1, however, show that these anticipated 
ratios were not obtained over the range of concentra- 
tions tested. The lack of proportionality is most easily 
seen by comparing the percentages of abnormally de- 
veloping embryos after exposure to 0.3 mM methoxy- 
flurane, 1.25 mM halothane, and 2.5 mM enflurane. 
At these concentrations we would have expected to 
encounter roughly equal numbers of abnormally di- 
viding cells if abnormal development were related to 
anesthetic potency. Although 0.3 mM methoxyflur- 
ane and 2.5 mM enflurane have no detectable and 
only marginal effects, respectively, halothane in- 
duced more than 96% of the embryos to undergo 
abnormal development. Thus we conclude that the 
incidences of abnormal development induced by these 
inhalational agents do not correlate with their anes- 
thetic potencies. 

The possibility that thymol, added as a preservative 
to halothane, might be responsible for these effects 
was discounted when we compared the data shown 
for halothane in Table 1 with data from experiments 
in which halothane was distilled to remove thymol. 
We could detect no statistically significant difference 
in the incidences of abnormal development whether 
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Table 2. Effect of Halothane, Enflurane, and Methoxyflurane on the Percentage of Cells Appearing Necrotic or 


Remaining Unfertilized at the First Cell Division 





Anesthetic mM H r Necrotic P © Unfertilized P 
Halothane 0.3 589 1.9 : Q i 
0.6 552 1.4 0 : 
1.25 592 3.7 <0,0001 Q.2 
25 586 15.3 <<0 0001 0 ; 
control 538 0.6 0.2 ae 
Enftlurane 0-3 336 0.9 Q t 
0.6 579 0.6 Q 
1.25 584 0.9 0.2 : 
2:5 594 1.2 f $ : 
control 694 0.9 Ou] at 
Methoxyflurane 0.3 538 0.2 0.2 : 
0.6 49] 0.4 $ 
1.25 595 0.6 4 Q 
2.5 658 1.5 <0.008 38.0 <<, 0001 
control 575 0.2 0.2 zs 
Abbreviation: n, total cells counted. 
P > > 0.05. Controls do not differ significantly {P >>> 0.05). 
thymol was present or absent. Accordingly, ‘hymol ization in this case may be due to a “spermicidal” 


does not appear to be responsible for the abnormal 
development seen in experiments with halothane. 
These studies confirm and extend our previous work 
(8) showing that halothane can alter development when 
exposure is started at metaphase or before. in this 
study we have shown that abnormal development at 
the first cell division can be induced by exposure to 
halothane at the time of fertilization. Microscopic ex- 
aminations of unfixed embryos undergoing abnormal 
development in response to halothane exposure re- 
vealed the presence of supernumerary sperm asters. 
This observation strongly suggests that the abnormal 
development subsequently seen when eggs are fer- 
tilized in the presence of halothane is due to poly- 
spermy. In fact, preliminary studies with halothane- 
treated eggs show that the incidence of polyspermy 
correlates exactly with the number of embryos that 
subsequently undergo abnormal cleavage. These ob- 
servations suggest that halothane, and perhaps ele- 
vated concentrations of methoxyflurane as well, may 
in some way alter the egg membrane to impair the 
electrical block to multiple sperm entry at fertilization 
(see reference (15) for a review of the membrane po- 
tential changes accompanying fertilization in the sea 
urchin). Experiments are in progress to test this hy- 
pothesis by examining the effects of halothane on egg 
membrane potentials before and during fertilization. 
The high incidence of cells that did not become 
fertilized complicates our analysis of the data for 
methoxyflurane. Although difficult to attribute to a 
specific effect, we believe that the failure of fertil- 








effect of high levels of methoxyflurane, or at least to 
a dramatic reduction in sperm motility. Related to this 
supposition, halothane has been shown to inhibit 
sperm motility dose-dependently and reversibly (9). 
Whether methoxyflurane has a similar effect on sperm 
motility (which could severely lessen the number of 
effective sperm—egg collisions) or acts by altering the 
egg plasma membrane to prevent fertilization, re- 
mains to be determined. The possibility that methox- 
yflurane prevents fertilization by inhibiting sperm—egg 
binding can be ruled out because sperm bound to the 
surface of unfertilized eggs are plainly visible (Fig. 
KEF): 

Although we caution against extrapolating these 
data to mammalian systems, our data clearly show 
that volatile anesthetics can alter early development 
in vitro. Furthermore, our data raise the possibility 
that polyspermy may be, at least in part, responsible 
for the increase in mammalian fetal resorptions ob- 
served during halothane exposure (1,3,4). Wharton 
etal. (3) have attributed lowered pregnancy rates and 
decreased numbers of implantations to a variety of 
factors including production of nonviable ova, failure 
of fertilization or implantation, or very early postim- 
plantation wastage. Our halothane experiments sug- 
gest that an effect may occur at the level of the egg 
plasma membrane that modifies the process of fertil- 
ization to promote polyspermy. We feel that the pro- 
duction of nonviable ova as a cause of the decreased 
fertility noted by Wharton et al. (1) is unlikely because 
the effects on development reported here are com- 
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pletely reversible if halothane is removed before fer- 
tilization. In general, we agree with the conclusion of 
Wharton et al. (3) that probably all inhalational an- 
esthetics can affect development when administered 
in sufficient concentration. However, our results show 
that development may be modified by anesthetics 
through direct action on the embryo (or gametes) and 
raise the possibility that the molecular mechanisms 
by which various anesthetics ultimately affect fertil- 
ization and development may be different. 

Our conclusion that there appears to be no direct 
correlation between the relative potency of inhala- 
tional anesthetics and their ability to alter embryoge- 
nesis may also apply to narcotic analgesics as well. In 
a recent report, Bruce et al. (16) showed that fentanyl 
had no detectable effect on fertilization or develop- 
ment of sea urchin eggs even at concentrations far 
exceeding those used clinically. In contrast, Cardasis 
and Schuel (17) found significant increases in the per- 
centages of abnormally developing echinoderm em- 
bryos after fertilization in the presence of clinically 
relevant doses of morphine. These previous obser- 
vations, along with the results of our present study, 
indicate that it is impossible to predict, based solely 
on relative clinical potency, the extent to which either 
inhalational anesthetics or narcotic analgesics will ad- 
versely affect embryogenesis. 





We wish to thank Drs. David Bruce, Edward Chambers, and Harry 
Linde for reviewing the manuscript. 
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Clinical Reports 


Atracurium Pretreatment for Succinylcholine-induced Fasciculations 


and Postoperative Myalgia 


Laxmaiah Manchikanti, MD, J. Blane Grow, MD, Jerry A. Colliver, PhD, 
Michael G. Canella, BS, CRNA, and Clyde H. Hadley, BS, CRNA 


Pretreatment with a nondepolarizing muscle relaxant 
is commonly accepted as standard clinical practice for 
the alleviation of fasciculations, myalgia, and other 
undesirable sequelae associated with succinylcholine 
administration (1-11). Atracurium besylate, a new 
nondepolarizing muscle relaxant with numerous de- 
sirable properties (12), has not been evaluated for pro- 
phylaxis against the undesirable sequelae associated 
with succinylcholine administration. Hence, this pro- 
spective study was undertaken to evaluate the effi- 
cacy of atracurium pretreatment, 0.05 mg/kg, on neu- 
romuscular blockade and prevention of fasciculations 
and myalgia produced by succinylcholine adminis- 
tration, 1.0 mg/kg and 1.5 mg/kg. 


Materials and Methods 


Eighty outpatients without known contraindications 
to succinylcholine undergoing elective arthroscopy 
under general anesthesia were randomly allocated into 
four groups with 20 patients in each group. This study 
was approved by the Institutional Review committee, 
and informed consent was obtained from all the pa- 
tients. All patients received ranitidine, 150 mg, and 
metoclopramide, 10 mg, orally, as well as meperidine, 
50 mg, and prochlorperazine, 5 mg intravenously, 
45-120 min before induction of anesthesia. Pretreat- 
ment was administered in a double-blind fashion and 
consisted either of normal saline or atracurium, which 
were labeled as solutions A or B. Atracurium was 
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diluted to 0.5 mg/ml. Syringes were prepared and 
labeled by an investigator who also allocated the pa- 
tients into four groups but did not participate in eval- 
uation of fasciculations, mylagia, or further follow- 
up. The code was broken only after completion of the 
study. Atracurium dosage for pretreatment, 0.05 mg/kg, 
was selected, as this represerits 25% of EDs and 10% 
of the dosage required to conipletely depress muscle 
twitch tension, and 0.06 mg/kg was shown to result 
in neuromuscular blockade less than 5% (12). 

Patients in groups I and II served as controls and 
received normal saline for pretreatment followed by 
succinylcholine, 1.0 mg/kg (group I) or 1.5 mg/kg (group 
Il). Patients in groups III and IV received atracurium 
pretreatment, 0.05 mg/kg, prior to succinylcholine 
administration, either 1.0 mg/kg (group M) or 1.5 mg/kg 
(group IV). Normal saline or atracurium, 0.1 ml/kg, 
was administered 3-5 min before succinylcholine. 
Anesthesia was induced with thiopental, 4-5 mg/kg. 
Succiriylcholine was administered after loss of lid re- 
flex. Maintenance of anesthesia was carried with iso- 
flurane and nitrous oxide. 

The intensity of fasciculations and the onset and 
duration of the neuromuscular blockade was evalu- 
ated visually. The intensity of fasciculations in face, 
neck, shoulders, trunk, and upper and lower extrem- 
ity musculature was scored from 0 to 3 (0, no fascic- 
ulations; 1, just visible fibrillations; 2, moderate con- 
tractions; 3, vigorous contractions). Onset and duration 
of the neuromuscular blockade were evaluated by ob- 
serving l-sec twitch response to supramaximal stim- 
ulation of the ulnar nerve via subcutaneous elec- 
trodes. The duration in seconds from the injection of 
succinylcholine to maximum suppression of twitch, 
abolition of twitch, reappearance of twitch, and full 
recovery of twitch was recorded. Time to maximum 
suppression of twitch differed from time to abolition 
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Table 1. Patient Characteristics 


Number of 


patients (mean + SEM) 
Group | 20 30.0 £ 
Normal saline plus 
1.0 mg/kg succinvicholine 
Group H 20 383 3. 
Normal saline plus 
1.5 mg/kg succinyicholine 
Group HI 20) MOTA 
0.05 mg/kg Atracurium plus 
1.0 mg/kg succinylcholine 
Group IV 20 36.3 + 4.; 


0.05 mg/kg Atracurium plus 
1.5 mg/kg succinylcholine 
Direction and significance of values” 


“No significant differences. 


of twitch with continued presence of flicker of con- 
traction. In most cases these response times were dif- 
ferent. In some cases both these responses were 
achieved at the same time, while in a few cases ab- 
olition of twitch was not observed. 

Postoperative muscle pains were evaluated and re- 
corded by postoperative telephone interviews con- 
ducted by one of the authors who was unaware of 
group assignment and fasciculations. Each patient was 
interviewed on the first and second postoperative days. 
The interviewer asked a series of standard questions 
followed by specific questions: “Do you have, or have 
you had any pain or stiffness in your muscles follow- 
ing your operation other than the knee wherein the 
arthroscopy was performed?” If the answer was yes, 
the location, duration, severity of pain, and necessity 
tor pain medication were recorded. Postoperative in- 
terviews were continued on a daily basis until post- 
Operative muscle pains were resolved. Myalgia was 
graded according to its severity from 0 to 3 (0, no 
pain, absence of complaints either spontaneously or 
on direct questioning; 1, mild pain, limited to one 
area of the body, mild in nature, usually elicited on 
direct questioning but not requiring analgesics; 2, 
moderate pains, involving more than one area of the 
body, moderately severe in nature; 3, severe pains, 
generalized, severe in nature, often incapacitating and 
requiring analgesics). 

Statistical analyses were performed by analyses of 
variance (ANOVAs) and x° analyses. One-way 
ANOVAs with Duncan's multiple-range follow-up tests 
were used to test the significance of differences among 
the means of the four groups. Two-way (2 x 2) 
ANOVAs were used to test the effects of atracurium 
and succinylcholine dosage. Overall and follow-up y? 
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analysis were performed to compare proportions of 
patients in the four groups assigned to graded cate- 
gories representing intensity of fasciculations and se- 
verity of body pain. Results were considered statis- 
tically significant if P values were less than 0.05. 


Results 


Demographic information for patients in the four 
groups is summarized in Table 1. Sex distribution, 
age, height, weight, and pretreatment interval did not 
differ significantly among the four groups. 


Neuromuscular Blockade 


The groups differed significantly in terms of the mean 
time from succinylcholine administration to maxi- 
mum suppression of twitch response, (P = 0.0080, 
Table 2). The mean time interval for maximum 
suppression of twitch was significantly longer for the 
two groups receiving atracurium (groups H and IV) 
than for the control groups (groups I and H, P < 0.05). 
There were no significant differences among the four 
groups in terms of mean time interval from succi- 
nylcholine administration to abolition of twitch. How- 
ever, the pooled mean duration (84.1 sec) of the two 
atracurium-pretreated groups (groups I and IV) was 
significantly greater than the pooled mean duration 
(61.9 sec) of the two control groups (groups I and II, 
P = 0.0082). 

There were significant differences among the four 
groups in terms of mean time from succinylcholine 
administration to return of twitch (P = 0.0001). This 
duration was significantly longer in group II (control 
with succinylcholine, 1.5 mg/kg) than in the other 
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Table 2. Twitch Responses to Electrical Stimulation 


Onset of neuromuscular blockade 


Maximum 
suppression of 
twitch response 

in sec (Mean + SEM) 


Group | 53.3 t 3.8 

Group I 52.4 & 3.1 

Group I plus 528-32 
group H 

Group H 74.6 + 5.4 

Group IV 69.9 + 8.3 

Group HI plus 72.2 + 4.9 
group IV 

Direction and significance of values i = IVS le ] 


three groups (groups I, HI, and IV) and was sgnifi- 
cantly greater in group I (control with succinylcholine, 
1.0 mg/kg) than in group III (atracurium with succi- 
nylcholine, 1.0 mg/kg), P < 0.05). However, the dif- 
ference between groups I and IV was not statis-ically 
significant. The pooled mean duration (554 sec) of the 
two control groups (groups I and II) to return of twitch 
was significantly greater than the pooled mean du- 
ration (350 sec) of the two atracurium-pretreated groups 
(groups IH and IV, P = 0.0004). The four groups also 
differed significantly in terms of mean duration from 
succinylcholine administration to full recovery of twitch 
(P = 0.0001). Full recovery time was significantly 
greater in group H than in groups I, HI, and IV (P < 
0.05), but the latter three groups did not differ sig- 
nificantly. However, the pooled mean duration (662 
sec) of the two control groups (groups I and I!) was 
significantly greater than the pooled mean duration 
(465 sec) of the two atracurium-pretreated groups 
(groups IH and IV, P = 0.0001). 


Fasciculations 


There were significant differences among the four 
groups with respect to mean fasciculation intensity 
(P = 0.0003, Table 3). The two groups receiving atra- 
curium pretreatment (groups IH and IV) had swnifi- 
cantly lower mean fasciculation intensity than the two 
control groups (groups I and H, P < 0.05). There were 
no significant differences between either groups I and 
II or groups HI and IV. 

The four groups also differed significantly in terms 
of proportion of patients with fasciculations {P = 
0.0003). The two atracurium-pretreated groups (groups 
HI and IV) had significantly fewer patients with fas- 
ciculations than the two control groups (groups I and 





twitch response 
in sec (mean + SEM) 
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Duration of neuromuscular blockade 


Return of twitch 
response in sec 
{mean * SEM) 


Abolition of Full recovery of 
twitch response in 


sec {mean + SEM) 


60.1 = 3.8 442 + 41.9 516 = 35.7 
63.6 + 3.1 660 + 43.0 808 + 50.1 
61.9 + 2.4 554 + 34.5 662 + 38.3 
82.8 2 7.2 314 + 29.6 445 + 21.8 
85.3 2 13.5 381 + 31.7 486 + 32.7 
84.1 + 7.9 350 + 22.3 465 + 19,7 

= H = l= [V H >I, HE IV H>] = H = IV 

I> IH andÍ = IV 
H, P < 0.05). Groups I and H did not differ signifi- 


cantly, and groups HI and IV did not differ significantly. 


Muscle Pains 


There were significant differences among the four 
groups with respect to mean severity of postoperative 
graded muscle pain (P = 0.0033, Table 4). Two groups 
receiving atracurium (groups HI and IV) had mean 
muscle pain significantly less severe than the two con- 
trol groups (groups I and H, P < 0.05). Groups I and 
H and groups I and IV did not differ significantly. 

The four groups also differed significantly in terms 
of the proportion of patients with body pains (P = 
0.0077). The two atracurium-pretreated groups (groups 
HI and IV) had significantly fewer patients with body 
pains than the two control groups (groups I and II, 
P < 0.05). Groups I and II and groups III and IV did 
not differ significantly. 


Correlation of Fasciculations and Myalgia 

The preceding shows a “between groups” relation- 
ship between fasciculations and myalgia, in that the 
two atracurium-pretreated groups were lower with 
respect to incidence and severity of fasciculations and 
incidence and severity of postoperative myalgia than 
the two control groups. This direct relationship of 
fasciculation and myalgia found between groups, 
however, was not obtained “within groups.” The cor- 
relation coefficients computed between fasciculations 
and myalgia for each of the four groups separately 
ranged from —0.05 to +0.39, and none were statis- 
tically significant. The correlation coefficient com- 
puted between fasciculations and myalgia for the four 
groups combined, adjusted for the respective group 
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Table 3. Characteristics of Fasciculations 
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“erent RL tn nner aa r nope 


Graded intensity of 
fasciculations 
(mean + SEM) 


Patients with 
fasciculations 


Patients 
with Patients with Patients with 
Patients with visible moderate vigorous 
no fasciculations fibrillations contractions contractions 


“tetnnernminnnntnntint ttt ttt nme tttrerrnrnararrnnenntitt aaa a a 


Group | L80 = 022 18 
(90% ) 
Group H E90. 2 0.27 17 
(85%) 
Group IH 0.85. 0.22 10 
(50%) 
Group IV 0.65 + 0.23 7 
(35%) 
Direction and i= H> b= H> 


significance of values IH = IV 


means and standard deviations, was +0.09, also not 
significant. 


Discussion 

The incidence of postoperative myalgia following suc- 
cinylcholine has been reported as 0.2-89% (1-11). This 
nigh variability is attributed to factors such as age, 
sex, type of premedication, type of operation, type of 
anesthetic, and time to postoperative ambulation. 
Hence, the comparison of these reports, either with 
each other or with the present study, is difficult. How- 
ever, many investigators think that postoperative 
muscle pains occur more frequently in females, in 
ambulatory patients, and in patients who have under- 
gone minor surgical procedures. This study focused 
on patients, all of whom underwent the same surgical 
procedure and received the same premedication and 
anesthetic, and all of whom ambulated at a similar 
time postoperatively, namely 2—4 hours. Patients were 
also similar in all groups with respect to sex, height, 
and weight. 

Similarly to previous reports, in this study fascic- 
ulations were observed in 85 and 90% and muscle 
pains in 45 and 50% of the control patients receiving 
either 1.0 mg/kg or 1.5 mg/kg succinylcholine. Pre- 
treatment with atracurium, 0.05 mg/kg, 3-5 minutes 
before administration of succinylcholine, 1.0 mg/kg 
or 1.5 mg/kg, markedly reduced the frequency and 
mtensity of fasciculations. Fasciculations were seen 
in 35 and 50% of patients, and muscle pains were 
seen in only 10 and 15% of the patients with atra- 
curium pretreatment. There were no differences be- 
tween the two control groups receiving succinylcho- 
line, either 1.0 mg/kg or 1.5 mg/kg, with respect to 
incidence of either frequency and intensity of fascic- 
ulations or postoperative myalgia. There were also 
no differences between the two control groups with 


2 6 6 6 
(10%) (30% ) (30%) (30%) 
3 6 1 10 
(15%) (30%) ( 5%) (50%) 
10 4 5 1 
(50%) (20%) (25%) ( 5%) 
13 3 2 2 
(65%) (15%) (10%) (10%) 
l=ll< 
Hl = {V 





respect to onset of neuromuscular blockade, though 
duration of neuromuscular blockade was significantly 
longer with 1.5 mg/kg of succinylcholine than with 
1.0 mg/kg. With respect to the effect of atracurium 
pretreatment, there were no disadvantages noted by 
increasing succinylcholine dosage by 50% (1.5 mg/kg 
vs 1.0 mg/kg) in regard to frequency and intensity of 
fasciculations and muscle pains. However, atracu- 
rium pretreatment delayed onset of neuromuscular 
blockade in both atracurium groups and shortened 
the recovery time. There were three patients in groups 
H and IV in whom abolition of twitch was not achieved. 
succinylcholine, 1.5 mg/kg, after atracurium pretreat- 
ment maintained neuromuscular blockade for a longer 
period than succinylcholine, 1.0 mg/kg, which was 
equivalent to the blockade achieved by 1.0 mg/kg of 
succinylcholine without pretreatment. 

The mechanism of succinylcholine-induced myal- 
gia is not clear. Irreversible changes in muscle spin- 
dles, unsynchronized contraction of muscle fibers re- 
sulting in a shearing force on connective tissue, and 
electrolyte imbalance are among the various expla- 
nations posed for postoperative muscle pains (13-15). 
Correlation between succinylcholine-induced fascic- 
ulations and body pain has been suggested by some 
investigators. Hence, various ways of diminishing 
muscle fasciculations have been studied, nondepo- 
larizing muscle relaxants being most commonly uti- 
lized for this purpose. Although we found a between 
groups relationship between fasiciculations and myal- 
gia, in that patients receiving atracurium had fewer 
fasciculations and less myalgia than controls, fascic- 
ulations and myalgia were not related within groups. 
The majority of patients (75%) with postoperative 
myalgia also had fasciculations. 

The results in this study are consistent with pre- 
vious studies. In comparison with previous studies, 
the effects of atracurium for attenuation of frequency 
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Table 4. Distribution of Patients with Postoperative Myalgia 


Graded intensity of 
muscle pains 
(mean +£ SEM) 


Patients with 
muscle pains 





Group | 10S-2-0528 10 
(50%) 
Group I] OU 2: O27 9 
(45%) 
Group IH 0.30 + 0.18 3 
(15%) 
Group IV 0.10 + 0.07 p 
(104) 
Direction and =H > | = f > 
significance of values Wy = IV H = IV 





and severity of postoperative myalgia with atracurium 
observed in the present study are comparable to the 
results of studies in which other nondepolarizing 
muscle relaxants were used. It will be interesting to 
see the effect of a higher dose of atracurium pretreat- 
ment on fasciculations and muscle pains. However, 
with increase in atracurium pretreatment dosage, we 
expect further delay in the onset and reduction in the 
intensity of neuromuscular blockade that will neces- 
sitate further increase of succinylcholine dosage. 

In summary, succinylcholine-induced fascicula- 
tions and postoperative myalgia were attenuated to 
a significant extent by prior administration of atra- 
curium. Atracurium pretreatment also delayed the 
onset and reduced the intensity of neuromuscular 
blockade. Increasing succinylcholine dosage by 50% 
(1.0 mg/kg vs 1.5 mg/kg) increased the duration of 
neuromuscular blockade equivalent to neuromuscu- 
lar blockade achieved with 1.0 mg/kg of succinylcho- 
line without pretreatment. We conclude that atracu- 
rium pretreatment is an effective technique for 
attenuation of succinylcholine-induced fasciculations 
and myalgia. 
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Inflation Device to Prevent Aortocaval Compression 


during Pregnancy 


Gerhard C. Endler, MD, and Rolf W. Donath, MD 


Aortocaval compression by the uterus is well recog- 
nized as a complication of late pregnancy in a woman 
who assumes the supine position. It may cause ma- 
ternal hypotension and decreased uteroplacental blood 
flow. The condition is alleviated by lateral displace- 
ment of the uterus, or by turning the patient on her 
side. We describe a simple inflatable device that, when 
properly placed under the mattress of the operating 
table, raises the parturient’s right hip and thereby 
produces a 15° tilt of the pelvis. 


Methods 


The inflation device, depicted in Figure 1, consists of 
a 1000-ml pressure administration cuff (A) of the type 
commonly used to administer blood under pressure 
(Sorenson Research, Salt Lake City, UT) and a source 
of compressed gas to inflate the cuff. The two nipples 
issuing from the cuff are bared of their attachments 
(aneroid manometer and inflation bulb). The manom- 
eter (B) is reattached to one nipple by means of a 100- 
cm-long piece of Baumanometer straight latex tubing 
(W. A. Baum Co., Piague, NY), and similar tubing, 
250-cm long (C), is attached to the other. Before its 
use, the administration cuff is encased in a pillow 
cover and placed under the mattress in such a way 
that the distal end of the cuff lies under the greater 
trochanter of the parturient. Both tubes are tucked 
under the mattress and so arranged that they emerge 
at the head of the table. The manometer allows the 
cuff pressure to be monitored while the second tubing 
is connected to one of two systems that may be used 
to power the unit. 

The first system (system 1) is very simple and op- 
erates independently of any other power source. It 
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consists of the pressure regulator portion of a Pneu- 
matic Tourniquet (Walter Kidde and Company, 
Bloomfield, NJ) whose circular inflatable cuff has been 
removed (D). It is connected to the pressure admin- 
istration cuff by means of tubing (C). The regulator 
incorporates a Medic-Air Refill bottle that generates 
gas for inflation. After adjusting the inflation pressure 
to 300 mm Hg, the device is turned on, and the cuff 
fills in 12 sec to a width of 10.5 cm. 7 

The second system (system 2) is considerably less 
expensive and essentially free of maintenance. It is, 
however, not as easy to assemble and requires an 
external power source. The central element of the 
system is a Conoflow H10 XTH 103 kPa gauge pres- 
sure range Manual Loading Regulator (Control Equip- 
ment Co., Salt Lake City, UT). Interposed between 
the wall outlet for air (or oxygen, if air is unavailable) 
and the administration cuff, it reduces gas pressure 
to a preset value of 300 mm Hg. To allow activation 
and deactivation of the system, a Puritan Quick Con- 
nect System (Puritan—Bennett Co., Kansas City, MO) 
is attached to the low pressure port of the regulator. 
The entire system is arranged in the following se- 
quence: pressure administration cuff (A), tubing (C), 
quick connect adapter, hose crimp to quick connect 
adapter (E), quick connect valve, 6.35-mm 18 NPT 
male thread with service valve (G), regulator (H), 
adapter 6.35-mm NPT male thread to 6.35-mm inner 
diameter barbed hose nipple adapter (J), crimp-on 
ferrule (J), high pressure hose (K), and gas outlet (L). 
Ideally, one wall outlet (air or oxygen) should be ded- 
icated to the system because the administration cuff 
deflates when the pressure hose is disconnected from 
the outlet. If no separate outlet is available, a double 
outlet adapter can be used to both power the device 
and supply air or oxygen to the anesthesia machine. 
The system is activated, and the cuff inflates in 6 sec 
when connection is made at location F in the system, 
while disconnection causes the cuff to slowly empty. 
The Quick Connect System (E,G) operates on a similar 
principle as the quick connect gas-hose connector of 
the anesthetic supply system. 
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Discussion 


Elevation of the right hip can be achieved in a number 
of ways (folded sheet, wedge-shaped piece of foam 
rubber), but the use of an inflatable device that can 
be remotely inflated and deflated appears most prac- 
tical. The simplest such device consists of a discarded 
3-L plastic bag containing urologic irrigating fluid and 
a sphygmomanometer inflating bulb with attached 
control valve (1). Both are connected by tubing of ap- 
propriate length, and the bag is manually inflated 
when the need arises. After using the device for some 
time, we have found that manual inflation is time- 
consuming and, particularly following the adminis- 
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Figure 1. Inflation device powered either 
by a pressure regulator with built-in gas 
supply, or by compressed gas from central 
gas supply system with in-line regulator. 
For details see text. 


tration of spinal anesthesia for cesarean section, very 
distracting because it has to be done at a time when 
the patient requires complete and uninterrupted at- 
tention. This led us to design the device described in 
this paper. 


re A AN 
The authors gratefully acknowledge the technical advice they re- 
ceived from Mr. Francis Gerbasi, MS, CRNA. 





Reference 


L Redick LF. An inflatable wedge for prevention of aortocaval 
compression during pregnancy. Am J Obstet Gynecol 
1979;133:458-9. 


ANESTH ANALG 1017 
1985364: 1017-20 


A Single-Unit Device for Differential Lung Ventilation with Only 


One Anesthesia Machine 


Takeyasu Yamamura, MD, Hitoshi Furumido, MD, and Yoshinori Saito, MD 


nnaman iraa A A pa annaa A aaan RAI aaam a a a aannam ararnar: 


One-lung ventilation during thoracic surgery in the 
lateral decubitus position occasionally produces hy- 
poxemia, and there has been great interest in methods 
for maximizing arterial oxygenation (1-3) under such 
circumstances, Differential lung ventilation is one such 
method that improves ventilation to the dependent 
lung and also facilitates surgical manipulation of the 
nondependent lung. However, differential lung ven- 
tilation as generally described requires the simulta- 
neous use of two anesthesia machines and two ven- 
tilators. Such complexity severely limits its acceptance 
into common anesthetic practice (4). 

In an attempt to settle these problems, we have 
developed a single-unit device that allows differential 
lung ventilation with only one anesthesia machine. 
The present report describes the technical perform- 
ance of such a device. 


Structure and Function of the Differential 
Lung Ventilation Device 


A schematic diagram of the differential lung venti- 
lation device (DLVD) is shown in Figure 1. Flow from 
each of the inspiratory and expiratory limbs of an 
anesthesia machine can be directed along two paths 
within the device. Ventilatory paths to and from the 
nondependent and dependent lung are shown in 
dashed and solid lines, respectively. Located in the 
inspiratory path to the nondependent lung, a rotating 
cylinder (A) with a pear-shaped opening plays the 
leading part in the DLVD. As the cylinder is rotated, 
the effective opening for the inspired gas changes in 
size to create greater resistance to flow along this path 
and thus decrease inspiration to the nondependent 
lung. When the cylinder is fully rotated, the path is 
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closed. The extent to which ventilation is impeded 
determines the ventilation of the other lung. On the 
other hand, expiration from the nondependent lung 
has low resistance because it escapes through a one- 
way valve (C) remote from the opening (A) and does 
not produce expiratory retardation. In the path to the 
dependent lung is a two-way stopcock (B) that simply 
opens and closes the airway of this side. It is arranged 
to permit suctioning and fiberoptic bronchoscopy of 
this side without discontinuing ventilation of the other 
side. This can be performed on the other side by set- 
ting each of the valve positions conversely. An ex- 
changeable one-way valve (C) isolates the pathway to 
the nondependent lung from the other during 
inspiration. 

Figure 2 demonstrates how the DLVD controls dis- 
tribution of ventilation between the two lungs. It is 
shown that the DLVD offers a range of options for 
the nondependent lung ventilation going from no 
ventilation all the way to ventilation exceeding that 
for the dependent lung. In addition, all of these ad- 


justments can be made without altering the total tidal 


volume. 

The entire device is made of acrylic resin, measures 
10 x 14 x 3.5 cm, and weighs 250 g (Fig. 3). Each 
of the anesthesia machine side ports of the device is 
fitted with a 22-mm male connector, and each of the 
patient side ports is fitted with a 15-mm female con- 
nector. No point along the entire path within the de- 
vice is less than 8 mm in diameter, except for the 
pear-shaped opening, thus the DLVD allows little flow 
resistance. 


Case 1 


A 52-yr-old man with a lung abscess underwent right 
upper pulmonary lobectomy under thoracic epidural 
(0.5% bupivacaine) and N.O-—O, anesthesia. After in- 
sertion of a double-lumen endobronchial tube (Mal- 
linckrodt, Broncho-Cath), complete ventilatory iso- 
lation of each lung was confirmed by fiberoptic 
bronchoscopy (Olympus, BF-3C4) and by ausculta- 
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Figure 1. Schematic diagram of the differential lung ventilation 
device (DLVD). See text for explanations. 


tion of the chest. Conventional one-lung ventilation 
of the dependent lung was instituted with 100% ox- 
ygen supplemented with low concentrations (0.4-0.6%) 
of halothane to provide a quiet surgical field. The 
blood-gas data obtained 20 min later were pH, 7.33; 
Paco, 43 mm Hg; and Pao», 72 mm Hg. To improve 
arterial oxygenation, continuous positive pressure in- 
sufflation of the nondependent lung with oxygen at 
10 cm H:O was started. The Pao, increased to 194 
mm Hg, but the surgeons complained of the inflated 
lung. The DLVD was then connected to the anesthesia 
machine, and differential lung ventilation was started 
at the tidal ventilation of 400 mi to the dependent 
lung and 100 ml to the nondependent lung. Blood—gas 
data obtained 20 min later were pH, 7.34; Paco», 39 
mm Hg; and Pao:, 287 mm Hg. The small movement 
of the sane E lung did not disturb surgical 
manipulation any longer. The ventilation was suc- 
cessfully controlled throughout the rest of the oper- 
ative period with the DLVD. 


Case 2 


A 68-yr-old, 154-cm obese woman weighing 78 kg and 
suffering from malignant kidney tumor underwent 
left radical nephrectomy. Preoperative studies, in- 
cluding routine pulmonary function tests, all were 
within normal limits. Anesthesia was maintained with 
thoracic epidural anesthesia (0.5% bupivacaine) and 
50% nitrous oxide in oxygen. Ventilation was con- 
trolled with a single-lumen endotracheal tube. Arte- 
rial blood—gas data, obtained 30 min after the initia- 
tion of the operation, were pH, 7.34; Paco, 42 mm 
Hg; and Paoz, 


56 mm Hg. Because careful check of 
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Figure 2. A, Volume curves of nondependent lung; B, dependent 
lung; and C, the sum of both lungs; during use of the DLVD. Wave 
forms were obtained simultaneously by two sets of pneumotach 
equipments (Criticon, VRP). 


the anesthesia circuits and auscultation of the chest 
were negative, the hypoxemia was considered to be 
caused by severe hypoventilation of the dependent 
lung due to the kidney position. A double-lumen en- 
dobronchial tube (Mallinckrodt, Broncho-Cath) was 
inserted and connected to the anesthesia machine us- 
ing our DLVD. The tidal ventilation to each lung, 
measured with a Wright spirometer with both of the 
DLVD paths kept open, was 190 ml to the dependent 
lung and 320 ml to the nondependent lung. In an 
attempt to improve such an imbalance of ventilation 
between the two lungs, we adjusted the DLVD to 
distribute 60% of the ventilation to the dependent 
lung and the remaining 40% to the nondependent 
lung. An arterial blood—gas determination obtained 
30 min later showed the pH to be 7.36; Paco;, 38 mm 
Hg; and Pao, 188 mm Hg (Flo,, 0.5). The trachea was 
extubated successfully immediately after the opera- 
tion, and the postoperative course was uneventful. 


Discussion 


Possible types of failure of the DLVD are illustrated 
in Figure 4. The case in which the inspiratory and 
expiratory limbs of an anesthesia machine are acci- 
dentally reversed is shown in Figure 4(A). Although 
inspiration to the nondependent lung flows circui- 
tously via the two-way stopcock (B, solid line) the 
device still can function while B is kept open. When 
B is closed, however, neither lung is supplied by an- 
esthetic gas. Figure 4(B) illustrates flow without the 
one-way valve (C). Because the path to the nonde- 
pendent lung is not isolated during inspiration, in- 
spired gas flows freely via another path, and the de- 
vice no longer can control the distribution of the 
inspiration gas between the two lungs. 
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Figure 3 . Photograph of the DLVD. A 
Wright spirometer is placed to one port 
and a bronchofiberscopic connector to the 
other. 


Figure 4. Types of possible failure of the DLVD. A, the inspiratory 
and expiratory limbs from an anesthesia machine are connected to 
the DLVD reversely. B, the one-way valve at C, which is removable, 
accidentally is not placed in position. See text for explanation. 
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Differential lung ventilation has been reported to 
be quite effective in the respiratory management of 
patients whose lung disease is predominantly unilat- 

eral (5-7). In spite of the expected advantages of this 
technique for thoracic surgery, few applications have 
been reported. Without a device such as the DLVD, 
the complexity of the respiratory circuit prevents ac- 
ceptance of differential lung ventilation into common 
anesthetic practice. We believe that the device pre- 
sibs in this report is one solution to the problem. 
e present design of the DLVD facilitates the per- 
ae of differential lung ventilation because it 
requires only one anesthesia machine. In addition, 
the device permits simple management of conven- 
tional one-lung anesthesia, one-lung fiberoptic bron- 
choscopy, and suctioning without the need for airway 
disconnection, clamping or interruption of ventila- 
tion. Another advantage of the DLVD is that because 
only one anesthesia machine is used, ventilatory 
asynchrony never occurs between the two lungs. 

Although the distribution of ventilation between 
the two lungs can be roughly controlled by visual 
inspection of the movement of the nondependent lung, 
a Wright spirometer should be placed between each 
of the DLVD ports and the double-lumen tube in or- 
der to measure the distribution accurately. 
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Verapamil Potentiation of Neuromuscular Blockade: 


Failure of Reversal with Neostigmine but Prompt Reversal 


with Edrophonium 


Ronald M. Jones, FFARCS, Jeremy N. Cashman, FFARCS, William R. Casson, FFARCS, and 


Michael P. Broadbent, BA(HONS) 





Verapamil is one of a class of drugs that act primarily 
by interfering with calcium ion flux. These drugs, 
termed calcium antagonists, are used in a variety of 
cardiovascular disorders; these include hypertension, 
angina pectoris, cardiomyopathy, and reentrant 
supraventricular dysrhythmias. Calcium ions are an 
essential mediator in the release of acetylcholine at 
nerve endings. In vitro experiments have suggested 
that calcium antagonists may potentiate the action of 
muscle relaxants (1,2). We describe a patient on long- 
term therapy with verapamil who, 2.5 hr after the 
administration of 2 mg of pancuronium and 5 mg of 
tubocurarine, exhibited a marked degree of residual 
neuromuscular blockade that was resistant to reversal 
by neostigmine (2.5 mg) but was promptly reversed 
by edrophonium (28 mg; 0.5 mg-kg~'). 


Case Report 


A 55-yr-old man, weighing 55 kg, was scheduled to 
undergo elective cholecystectomy. Two months ear- 
lier a diagnosis of hypertrophic obstructive cardio- 
myopathy had been made and the patient started tak- 
ing oral verapamil, 40 mg three times daily. 

Prior to surgery, preoperative assessment revealed 
an arterial blood pressure of 140/85 mm Hg and a heart 
rate of 76 beats/min. There were clinical signs of left 
ventricular enlargement, but no signs of cardiac fail- 
ure. The day prior to surgery the hemoglobin con- 
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sodium and potassium were 131 and 4.2 mmol-L™!, 
respectively. The patient had been maintained on oral 
verapamil, 40 mg three times daily, and had received 
a dose at 7:00 AM on the morning of surgery (90 min 
prior to the induction of anesthesia). Premedication 
consisted of 15 mg papaveretum plus 0.3 mg hyoscine 
administered intramuscularly 1 hr preoperatively. 

Anesthesia was induced with 0.2 mg fentanyl and 
150 mg thiopental intravenously, and muscle relax- 
ation was obtained with 2 mg pancuronium and 5 mg 
tubocurarine. The trachea was intubated and anes- 
thesia maintained with 66% nitrous oxide in oxygen 
with enflurane up to 2% added to maintain the sys- 
tolic blood pressure between 100 and 130 mm Hg. 
Cardiovascular monitoring consisted of an ECG and 
an automatically cycling sphygmomanometer. The 
patient's lungs were ventilated using a Nuffield Pen- 
lon ventilator via a Bain type breathing system. End- 
tidal carbon dioxide was monitored used a Hew- 
lett-Packard 47210A Capnometer with an H-P 14360 
series sensor. Neuromuscular blockade was moni- 
tored with a Vickers Medical Datex Relaxograph 
NMT100 utilizing a train-of-four pattern of stimulation. 

Surgery proceeded uneventfully, although because 
of chronic inflammation its duration was prolonged 
(total operating time, 140 min). Total blood loss did 
not exceed 250 ml, and the patient remained hemo- 
dynamically stable throughout the operation. Intra- 
operatively 1.5 L of Ringer’s lactate solution was ad- 
ministered. No further doses of muscle relaxants or 
analgesics were given, and no other drugs were ad- 
ministered intraoperatively. 

At the end of surgery neuromuscular monitoring 
revealed a marked degree of residual neuromuscular 
blockade with no return of the third (T3) or fourth 
(T4) twitch in the train-of-four. At this time the blood 
pressure was 140/85 mm Hg, heart rate was 68 beats/min 
(sinus rhythm) and the end-tidal carbon dioxide ten- 
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Figure 1. Two and one-half hours after the administration of 2 mg 
of pancuronium and 5 mg of tubocurarine, a profound degree of 
residual neuromuscular blockade remained. This was characterized 
by marked fade of successive stimuli with the second twitch in the 
train approximately 22% that of the first twitch. Only the first two 
twitches are clearly defined. Neostigmine, 2.5 mg, plus atropine, 
1.2 mg, was administered at the point marked by the arrow. 


sion was 39.5 torr (5.2 kPa). Prior to attempting to 
reverse residual neuromuscular blockade, the degree 
of paralysis was checked by stimulating the ulnar nerve 
of the other wrist using supramaximal 0.2-msec im- 
pulses in a train-of-four pattern at 2 Hz, repeated 
every 12 sec (Myotest). The evoked twitch of the ad- 
ductor pollicis muscle was measured using a Grass 
force-displacement transducer and a hard copy made 
using a Devices recorder. The hand and forearm were 
immobilized in an arm board in a fashion standard- 
ized in our unit. Using this system we confirmed the 
marked degree of neuromuscular blockade present 
(Fig. 1). 

Reversal of residual neuromuscular blockade was 
first attempted 150 min after induction of anesthesia 
when 2.5 mg neostigmine and 1.2 mg atropine were 
given. Six minutes after administering the anticholin- 
esterase there was no change in the degree of neu- 
romuscular blockade present, with no return of T3 or 
T4 and no significant alteration in the height of T1 or 
T2 (Figs. 1,2). Edrophonium (28 mg; 0.5 mgkg  ')and 
0.6 mg atropine were then administered, and within 
30 sec a T4 ratio of 1.0 had been achieved (Fig. 3). 


The patient was turned on his left side and extu- 
bated. In the recovery area he was carefully observed 
for 3 hr with no evidence of recurarization. During 
this time the patient could perform sustained head 
lift and could cough vigorously. Thereafter he made 
an uncomplicated recovery from anesthesia and 
surgery. 


Discussion 


In the case reported, a marked degree of residual 
paralysis remained 2.5 hr after the administration of 
2 mg pancuronium and 5 mg tubocurarine in a patient 
on long-term verapamil therapy. The patient had re- 
ceived 40 mg of verapamil 1.5 hr prior to induction 
of anesthesia. No other drug that might influence 
neuromuscular transmission had been administered, 
and the patient was normotensive, normocapnic, and 
normovolemic. In vitro (1,2) and in vivo (3) animal 
studies have suggested that calcium antagonists may 
potentiate the action of both depolarizing and non- 
depolarizing muscle relaxants. Indeed, conservative 
doses of relaxant were deliberately used in the case 
described, and the degree of neuromuscular blockade 
was carefully monitored because of the known po- 
tential for interaction between calcium antagonists and 
neuromuscular blocking agents. Despite this there re- 
mained a marked degree of residual paralysis at the 
end of surgery. This was not altered to any significant 
extent by the administration of a standard dose of 
neostigmine. The complete resistance of the block to 
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evoked reversal using neostigmine, despite the pres- 
ence of two twitches in the train, was a notable feature 
of this case. This observation reinforced speculation 
that the prolonged block was due to an interaction 
between the muscle relaxant and verapamil as it sug- 
gested that the block was quantitatively different from 
that produced solely by relaxant drugs. We have re- 
ported previously that the synthetic acetylcholines- 
terase inhibitor edrophonium possesses significantly 
greater antifade properties than neostigmine when 
used for the evoked reversal of residual neuromus- 
cular blockade (4). In view of the marked fade present 
at the termination of surgery in this case, and the lack 
of any effect of neostigmine, it was decided to ad- 
minister this anticholinesterase agent in a dose of 0.5 
mgkg '. The almost immediate and complete rever- 
sal to a T4 ratio of 1.0 was dramatic—-and unexpected 
(Fig. 3). The immediacy and completeness of reversal 
again suggest that the block was quantitatively dif- 
ferent from that produced by relaxants alone. 

A mixture of pancuronium and tubocurarine was 
administered because of the greater cardiovascular 
stability of mixtures of competitive neuromuscular 
blocking drugs (5). Pancuronium alone has significant 
sympathomimetic effects (6) that cause an increase in 
heart rate and systemic arterial blood pressure, both 
of which may cause an increase in the degree of out- 
flow obstruction in patients with hypertrophic ob- 
structive cardiomyopathy. Although in vitro (7) and 
clinical studies (8) have demonstrated that a mixture 
of pancuronium and tubocurarine produces some po- 


ANESTH ANALG 1023 
1985;64:1021-5 


Am me me sie the ae A i ‘rm ey Sf A MIAN Hele at ee nk A Ae e V a ram a aa e Mir ieee tn AY NY HPS itr: Fin: TH Her 


Figure 2. Six minutes after the administration of neostigmine, the 
degree of block remains virtually unchanged. 


tentiation of the intensity of block, this combination 
does not prolong duration of the block (8). In addition, 
the lack of a significant response to neostigmine, de- 
spite the presence of two twitches in the train-of-four, 
strongly suggests that this prolonged block was not 
due to the known wide individual variation in re- 
sponse to relaxant drugs. Vitez and Difrancesco (9) 
have demonstrated clearly that the neostigmine re- 
quirements for pancuronium-—tubocurarine combi- 
nation blocks are the same as those for single-agent 
blocks. 

There has been a previous clinical report in which 
intravenous verapamil appears to have potentiated 
the neuromuscular blocking effect of vecuronium (10). 
The authors also noted that the block was resistant 
to reversal with neostigmine, but they did not ad- 
minister edrophonium. 

A characteristic feature of the block present in the 
case reported was the degree of fade present. It is 
likely that single twitch depression and T4 fade are 
the result of the interaction of muscle relaxants and 
other agents that influence neuromuscular transmis- 
sion, with different sites within the neuromuscular 
junction. Bowman (11) has discussed the evidence for 
and against pre- and postsynaptic receptors being re- 
sponsible for fade. He remarks that although there is 
evidence in support of and against both possibilities, 
the weight of evidence is currently in favor of a pre- 
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Figure 3. Edrophonium, 


28 mg, plus atropine. 0.6 mg. was ad- 
ministered at the point marked by the arrow. Reversal is rapid and 
complete, 


junctional effect. The release of transmitter from nerve 
terminals, although activated by the descending wave 
of depolarization, is triggered by the release of cal- 
cium ions (12). Current evidence suggests that the 
change in quantal content of acetylcholine released is 
proportional to the fourth power of the change in 
Ca?’ concentration (13). Thus decreasing the calcium 
flux by half would result in a 16-fold decrease in ace- 
tyicholine released. The margin of safety is reduced, 
and fade on repeated stimulation would be more likely 
to occur. It might be speculated, therefore, that ve- 
rapamil reduces the mobilization or release of trans- 
mitter and hence reduces prejunctional stimulus, an 
effect that will potentiate the increase in postjunc- 
tional threshold caused by muscle relaxants. What- 
ever the precise mechanism, or site, for the interaction 
of verapamil and muscle relaxants, it appears that 
edrophonium may have the ability to rapidly reverse 
the interference with normal neuromuscular trans- 
mission that this combination produces—but that 
neostigmine may not. 

Although the circumstances of this report suggest 
that the prolonged block was due to an interaction of 
verapamil and muscle relaxants, it is our experience 
that many patients receiving long-term verapamil 
therapy do not demonstrate a clinically significant 
sensitivity to relaxant drugs. The reason why this pro- 


posed drug interaction should occur in some patients 
but not in others is open to speculation. In any event, 
we would suggest that patients taking long-term ve- 
rapamil therapy should be given conservative doses 
of muscle relaxants and that the degree of blockade 
should be routinely monitored. Should difficulty with 
reversal be encountered, edrophonium administra- 
tion should be considered. 
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Gastric Barotrauma: 


A Case Report and Theoretical Considerations 


Steven J. Barker, PhD, MD, and Thomas Karagianes, MD 


Reported cases of gastric barotrauma have ranged in 
severity from partial thickness mucosal tears to com- 
plete gastric rupture along the lesser curvature. Most 
barotrauma cases follow cardiopulmonary resuscita- 
tion (CPR) and positive pressure ventilation (1,2,6). 
It has been postulated that the chest compressions 
may be instrumental in causing gastric rupture m these 
cases (3). There are only a few descriptions ef com- 
plete gastric rupture in the absence of chest compres- 
sion. These have sometimes involved bizarre circum- 
stances, including the insertion of a high pressure 
oxygen cannula or a fire extinguisher into the mouth 
(3). We describe a case of gastric barotrauma following 
attempted bag-and-mask ventilation of an uncon- 
scious patient without any application of chest 
compression. 

A common feature of all reported cases has been 
that the tears occur consistently upon the lesser cur- 
vature of the stomach. Autopsies of a series of patients 
who had undergone CPR revealed partial gastric ye rs 
in 10%, all occurring in the lesser curvature (2, 
Experimental studies with cadavers have shown cP 
complete rupture from overpressurization of the 
stomach also occurs most frequently along the lesser 
curvature (5). All age and physical status groups are 
represented in the various case reports, ineluding 
neonates (3), young adults (1,3), and the elderly (2,4). 
The tendency for the tears to occur on the lesser cur- 
vature is the same in each group. Previous investi- 
gators have not provided an explanation for the pre- 
ponderance of lesser-curvature tears. We present an 
explanation based upon physical principles that ac- 
counts for the consistent involvement of the lesser 
curvature in gastric barotrauma. 
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Case Report 


An 87-yr-old man with a history of dysphagia and 
weight loss due to esophageal dysmotility was sched- 
uled to have a percutaneous gastrostomy performed 
at bedside by the gastroenterology service. After the 
intravenous administration of 30 mg of meperidine 
and 10 mg of diazepam, the patient became unres- 
ponsive, apneic, and hypotensive. Positive pressure 
ventilation was begun with bag and mask, but no 
chest compressions were employed. Within 5 min after 
intravenous injection of 1.2 mg of naloxone, the pa- 
tient awakened with adequate respirations and nor- 
mal blood pressure. The bedside surgical procedure 
was cancelled. 

During the next 2 hr, the patient developed signs 
of an acute abdomen. Chest x-ray demonstrated a 
pneumoperitoneum. The anesthesiology service be- 
came involved in his care when he came to surgery 
for an emergency laparotomy. He was found to have 
a single full-thickness perforation and several longi- 
tudinal serosal tears along the lesser curvature of the 
stomach. He had no history of preexisting gastric pa- 
thology. The lacerations were repaired. The patient 
tolerated surgery well and had an uneventful recovery. 


Discussion 
This case and prior reports share a common feature-— 
the tears occurred along the lesser curvature of the 
stomach. This predilection for a particular location 
interested us. We realized that our patient's tear was 
not due to external force, as chest compressions had 
not been employed. The tear could not be a conse- 
quence of xyphisternal pressure upon an already dis- 
tended stomach. We must assume that the injury re- 
sulted from an internal force, the overinflation of the 
stomach with gas during positive pressure ventilation. 
Why does the overinflated stomach almost always 
rupture along its lesser curvature? The answer may 
be found in LaPlace’s formula, which relates the sur- 
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Figure 1. Two cross-section views of the stomach, showing the 
relationships of the principal radii of curvature in different locations. 


face tension of a thin, closed membrane to the pres- 
sure within the volume enclosed by the membrane: 


1 7 
por - 1(5 + | (1) 
ANY K2 


In this equation p is the static pressure within the 
enclosed volume, T is the tension in the membrane 
(in units of force/length), and R, and R; are the two 
principal radii of curvature of the membrane (to be 
evaluated at each point on the surface of the stomach). 
Because p is a constant within the enclosed volume, 
any variations of the radii of curvature R, and R must 
be counterbalanced by opposing variations in the ten- 
sion T. That is, in regions of the surface where the 
term in parentheses in equation (1) is smaller, the 
tension must be correspondingly greater. 

Figure 1 depicts two cross-sectional views of the 
stomach, one in a coronal plane and the second in a 
sageital plane perpendicular to the long axis of the 
stomach. In this figure we compare the principal radii 
of curvature at points on the greater and lesser cur- 
vatures of the stomach. (Note that the term “curva- 
ture” must unavoidably be used in two senses here; 
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we must distinguish “radii of curvature” from “cur- 
vatures of the stomach.”) The two radii on the greater 
curvature are designated Rig and Rac, while those on 
the lesser curvature are R; and Rə. Note that on the 
greater curvature of the stomach, the radii of curva- 
ture are inwardly directed in both views of Figure 1; 
that is, both Rig and Roc, are positive. However, on 
the lesser curvature of the stomach, the radius of cur- 
vature in the coronal view (R) is directed outward 
from the enclosed volume, which means this radius 
is of negative sign. The radius of curvature in the 
saggital cross section (Rə) is again inwardly directed 
and is therefore positive. This implies that one of the 
two terms in parentheses in equation (1) will be neg- 
ative for points on the lesser curvature of the stomach. 
Therefore, the sum of the reciprocal radii will be sig- 
nificantly smaller on the lesser curvature, and the 
tension T must be correspondingly greater to balance 
the opposing pressure from the inside. Thus the lesser 
curvature of the stomach has been shown to have a 
greater wall tension than the greater curvature, and 
as a result will be more likely to rupture from over- 
inflation. In mathemetical terms, defining T, and Teg 
as surface tensions on the lesser and greater curva- 
tures respectively: 








l 1 1 1 
pe Se 3 
Ry Roy Ric Ro l ) 
therefore, 
Ty > Te. (4) 


The only approximation made in this argument is 
that we have assumed LaPlace’s formula to be valid 
for the stomach wall. This assumption requires that 
the radii of curvature be much larger than the stomach 

wall thickness and that the wall itself has little stiff- 
ness (that is, an isolated section of stomach wall will 
offer little resistance to bending motions). Both of 
these conditions are closely approximated in the hu- 
man stomach. The validity of the above argument also 
depends upon the assumption of no major histolog- 
ical differences between the walls of the lesser and 
greater curvatures. The strength of the stomach is 
derived mainly from the three layers of the muscularis 
externa. One of these, the longitudinal layer, is ac- 
tually more dense along the lesser curvature and is 
almost absent on the anterior and posterior surfaces 
(7). Thus the histological differences would tend to 
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favor an increased rather than a decreased tensile 
strength along the lesser curvature. 

In conclusion, we have given a simple physical 
explanation for the observation that gastric tears from 
overpressurization always occur on the lesser cur- 
vature. This hypothesis does not rely upon the ap- 
plication of an external force, nor does it require struc- 
tural or histological differences among different regions 
of the stomach wall. The predilection for gastric tears 
to occur along the lesser curvature is a result of the 
fundamental physical principle of LaPlace’s formula 
and the geometry of the stomach. 

It should be mentioned that gastric overpressuri- 
zation as seen in this case is more likely to occur 
during relatively unskilled bag-and-mask resuscita- 
tion. The likelihood of this occurring also may be con- 
nected with the common practice of giving elderly 
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patients “a little anesthesia” for painful procedures 
performed outside of the operating room. 
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Letters to the Editor 


Subdural Migration of an 
Epidural Catheter 


To the Editor: 


The case reported by Hartrick et al. (1) is another reminder 
of the hazards of aggressive pain management and of the 
rigorous precautions that are necessary to protect patients 
from the life-threatening complications of well-meaning an- 
algesic regimens. 

Dr. Hartrick’s patient accidentally received an infusion 
of both local anesthetic and a small dose of narcotic (me- 
peridine) into the subdural space. The authors did not re- 
port respiratory depression, but it would be interesting to 
know if any appreciable respiratory depression did follow 
the sudden arterial hypotension they observed. 

We have been slow to develop safe guidelines for all 
forms of aggressive pain management, where the “‘thera- 
peutic window” between pain relief and respiratory depres- 
sion is often alarmingly narrow (2-4). Such guidelines need 
to be especially rigorous in the case of intraspinal narcotics, 
for although the results are attractive in terms of excellent 
pain relief, the risk of insidious and potentially lethal res- 
piratory failure is an inherent danger. The following are 
suggested as reasonable precautions for epidural narcotics. 

Correct catheter placement should be verified by a small 
dose of local anesthetic prior to each injection of epidural 
narcotic. Accidental intrathecal injection will be apparent 
within a few minutes. Signs of accidental subdural injection 
may take longer to develop. Clearly, continuous infusions 
of epidural narcotics preclude this particular safety mea- 
sure, as in the case reported by Hartrick et al. (1). 

Respiratory rate is a poor index of impending apnea, and 
long apneic periods can occur without warning (5). There- 
fore, patients should be under close surveillance in a re- 
covery ward, ICU, or some appropriate open-ward situa- 
tion, and in clear view of the nursing station. Single rooms 
with closed doors are potentially hazardous. Unfortunately, 
close surveillance in an ICU setting is expensive, and 
administrative pressures may encourage premature transfer 
to cheaper but more dangerous quarters. 

Apnea monitors are desirable but not infallible. All elec- 
trical devices are subject to error, and their presence must 
be acknowledged for what it is: a back-up system to keen 
human observation. 

Pain relief is a high and worthy aim, but survival of our 
patients is the most important. Acceptance of a valuable 
and powertul technique such as epidural narcotic analgesia 
can only be won by exercising the vigilance and appropriate 
practices that are necessary to avoid the known dangers 
(6,7). 
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Much Ado About Nothing: Trace 
Gaseous Metabolites in the 
Closed Circuit 


To the Editor: 


Morita et al. (1) demonstrated trace levels of methane and 
acetone during closed-circuit anesthesia. Personnel in sub- 
marines and space vehicles are exposed to these compounds 
for months with no adverse effects. The air in submarines 
accumulates flatus as well as expired gas from the crew, 
whereas a patient is exposed only to the latter. The follow- 
ing lists US Navy concentration limits for acetone and meth- 
ane in ambient air in submarines (2): 


24 hr (ppm) 90 day (ppm) 
Acetone 2000 30 
Methane 5000 5000 





Morita et al. report a range of 5-229 ppm of methane 
and 2-13 ppm of acetone. These values are two orders of 
magnitude below the 24-hr limits and pose no conceivable 
danger to patients (3). 

Hydrogen was not measured by Morita et al. Hydrogen 
is very diffusible so there is no reason to suspect that it will 
be retained in the circuit. Nevertheless, the authors’ dis- 
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cussion warns that methane and hydrogen will accumulate 
to explosive levels. The authors did not demonstrate these 
alarming levels but merely speculated their possible exist- 
ence after a 14-hr anesthetic. 

The authors show small accumulations of nitrogen. These 
are irrelevant when nitrous oxide is eliminated. The quan- 
titative pharmacokinetics of the closed circuit produces sta- 
ble, predictable anesthetic depth with potent volatile agents 
alone. Activated charcoal filters allow rapid emergence 
without resorting to the use of nitrous oxide (4). 

The authors’ recommendations are entirely unfounded. 
If personnel in submarines can breathe these levels of vol- 
atile metabolites for months there is no reason to suspect 
that a patient will be harmed during an average anesthetic. 
Placing a charcoal filter in line for 1 min will purge the circuit 
of most contaminants while maintaining a closed system. 
Methane is poorly adsorbed by charcoal but is easily re- 
moved by flushing with three circuit volumes of oxygen. 
Depending on the machine's flush rate, this will take 30-60 
sec. During extremely long procedures, perhaps the circuit 
should be filtered or flushed every 3 or 4 hr. The circuit 
would then need to be reprimed with anesthetic agent. 
Long periods of denitrogenation are unnecessary when ni- 
trous oxide is simply omitted. The open-circuit anesthetist 
should not grasp at this letter to justify the continued waste 
and pollution of high-flow anesthesia. 


R. K. Baumgarten, MD 


W. J. Reynolds, Mb, PhD 
630 Alamo Height Blod. 
San Antonio, TX 78209 
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surgically Induced Hypertension in 
Brain Dead Patients 


To the Editor: 


I would like to make some historical additions to the bib- 
liography and make a comment on the interesting report 
concerning surgically induced hypertension in brain dead 
patients (1). As early as 1891 it was known that as the brain 
of an animal was sequentially removed in a rostral to caudal 
direction, pressor responses to noxious stimuli were not 
abolished until the lower half of the medulla was removed 
(2). This was more recently confirmed by 5.C. Wang et al. 
by a number of experiments summarized in his book on 
the brain stem (3). Removal of the entire brain stem abol- 
ishes these stimulus-induced responses except in the chronic 
spinal animal (3) (analogous to the paraplegic patient). 
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It is known that during anesthesia and surgery the rostral 
portions of the brain (neocortex and midbrain) can be func- 
tional, as manifested by awareness and recall, without si- 
multaneous hypertension, tachycardia or other signs of 
sympathetic overactivity (4,5). These cardiovascular re- 
sponses in brain dead patients prove that the reverse con- 
dition can also exist, e.g., surgically induced hypertension 
and tachycardia can be present when the higher brain cen- 
ters controlling awareness are markedly depressed, even 
dead. 

Merlin D. Larson, MD 

Department of Anesthesia 

French Hospital—~ Medical Center 

4131 Geary Boulevard 

San Francisco, CA 94118 
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Movement of the Distal End of the 
Endotracheal Tube during Flexion 
and Extension of the Neck 


To the Editor: 


There appears to be some confusion as to the direction of 
movement of the tip of an endotracheal tube (ETT) during 
flexion and extension of the neck. Some anesthesiologists 
believe that the ETT tip moves upward during flexion and 
downward during extension; others believe the opposite. 
The confusion seems to have arisen from the concept that 
the oropharynx moves “upward” during flexion, and pre- 
sumably pulls the ETT with it, and vice-versa during 
extension. 

In fact, however, the opposite occurs: the distal tip of 
the ETT moves upward during extension and downward dur- 
ing flexion (Fig. 1). This has been well studied by Conrardy 
et al. (1) who conceptualized the ETT and the vertebral 
column as concentric arches, one immediately parallel and 
next to the other. When the neck is flexed, the ETT rep- 
resents the inner arch with the circumference less than the 
outer arch (vertebral column). With the ETT length constant 
and fixed at the mouth, the ETT tip moves toward the carina 
during the neck flexion, thereby risking endobronchial in- 
tubation (Fig. 1(B)). When the neck is extended, the ETT 
represents the outer arch and the circumference becomes 
greater than the inner arch (vertebral column) so the ETT 
moves away from the carina (Fig. 1 (A)). 
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Figure 1. With the neck in the extended position, the ETT tip hes 





above the carina (A), but during flexion (B), the tip moves down- 
werd toward the right main bronchus. Note the minimal movement 
of the carina relative to the third and fourth thoracic vertebrae. 


Only partially discussed by Conrardy, however, are the 
positions of the cords and carina with neck flexion and 
extension. The carina (seen in Fig. 1) only slightly changes 
position relative to the thoracic vertebrae. The cords, how- 
ever, (Shown in Fig. 2) have clearly moved superiorly from 
C5 to C4 with neck extension, thereby increasing the dis- 
tance from cords to carina. The movement of the upper 
airway, however, is more dramatic with the distance from 
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Figure 2. Cervical vertebrae 1-6, upper, and middle airways taken 
from computed tomography scans of an adult with the neck ex- 
tended (A) and flexed (B). Note some upward displacement of the 
cords as a result of head and neck extension (C5 to C4). Also note 
the larger increase in distance from incisors — oropharynx — cords 
during extension. Distances in cm. 


lips to cords increasing from 13.3. cm to 15.5 cm from flexion 
to extension. 

Thus while neck extension increases the distance from 
cords to carina, the distance from cords to lips is increased 
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even more. It is this latter increased distance with the ETT 
fixed at the lips that will cause the net superior, i.e., rostral, 
movement of the ETT tip up towards the cords during ex- 
tension. We hope this explanation helps to clarify how neck 
extension may risk accidental extubation and neck flexion 
risks endobronchial intubation when the tube is not in the 
proper position, i.e., mid-trachea, as suggested by Con- 
rardy et al. 


Thomas J. K. Toung, MD 

Roger Grayson, MD 

James Saklad, mp 

Henry Wang, MD 

Departments of Anesthesiology/Critical Care 
Medicine and Radiology 

The Johns Hopkins Medical Institutions 

600 N. Wolfe Street 

Baltimore, MD 21205 
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A Simple Method for Improving the 
Safety of Percutaneous Cannulation 
of the Internal Jugular Vein 


To the Editor: 


Percutaneous cannulation of the internal jugular vein is a 
popular approach for central venous access during cardiac 
surgery. Of great concern to cardiac anesthesiologists is the 
possibility of inadvertent cannulation of the carotid artery 
with a large-bore (8.5 French) introducer-sheath in a patient 
about to be heparinized (1,2). We have devised a simple 
method to confirm venous presence of the 18-gauge catheter 
prior to inserting a guide wire and, subsequently, an in- 
troducer-sheath. 

A 25-gauge, 2.54-cm needle attached to a 5-ml syringe 
is used to identify the internal jugular vein. The needle is 
inserted at the middle of the sternomastoid triangle and 
angled slightly lateral to the ipsilateral nipple. Once iden- 
tified, the vein is cannulated with an 18-gauge, over-the- 
needle type Teflon catheter. A 50-cm straight extension tube 
with a syringe on the distal end is attached to the hub of 
the Teflon catheter and blood is withdrawn into the syringe 
(Fig. 1). The extension set is held in a vertical position, and 
the syringe is removed. A descending column of blood should 
be observed in the extension tube. If the column of blood 
moves up the tube, or remains stationary, the catheter is 
considered to be in an artery and is promptly removed. 

In the first 1000 internal jugular vein cannulations in 
which this technique was used, there were six instances in 
which the carotid artery was unknowingly cannulated with 
the 18-gauge over-the-needle catheter. In each instance, prior 
to use of the extension tube, the operator was under the 
impression that the catheter was in the vein because the 
blood did not spurt out of the 18-gauge catheter and it was 
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Figure 1. Blood is withdrawn through the extension tube into the 
syringe. 


not bright red. Our incidence of inadvertent arterial punc- 
ture is similar to that reported by Schwartz et al. (1) and 
by Ellison et al. (3). However, in our series, use of the 
extension tube test immediately demonstrated arterial 
presence of the 18-gauge catheter, and insertion of the 
introducer-sheath into the carotid artery was avoided. We 
have now used this technique successfully in more than 
3000 internal jugular cannulations, and our surgical col- 
leagues have been using it successfully for subclavian vein 
cannulation as well. 

Kecommended techniques to detect carotid artery can- 
nulation include: remove the syringe from the catheter and 
look for a spurt of blood (4); determine the Po, of the blood 
(4); and attach the 18-gauge catheter to a transducer and 
confirm a venous waveform and pressure (1,3,4). The first 
technique is unreliable: in our own series it failed in 6 of 
1000 catheterizations. The second and third techniques, al- 
though reliable, require the assistance of another person if 
the operator is to maintain an aseptic technique. We think 
that our technique offers a significant advantage in its com- 
bination of simplicity and reliability. It prevents the rare, 
but potentially life-threatening, complication of inadver- 
tent, large-bore carotid artery cannulation. 


Judith A. Fabian, MD 
Manoranjan C. Jesudian, MD 


ey 


LETTERS TO THE EDITOR 


Department of Anesthesiology 
Medical College of Virginia 
MCV Station, Box 695 
Rachmond, VA 23298 


References 


1. Schwartz AJ. Jobes DR, Greenhow DE, Stephenson LW, Ellison N. Ca- 
rotid artery puncture with internal jugular cannulation. Anesthesiology 
1979;51:5160. 

. Brown CO. Inadvertent prolonged cannulation of the carotid artery. Anesth 
Analg 1982;61:150-2. 

3. Ellison N, Schwartz A], Jobes DR, Greenhow DE, Stephenson LW. Avoid- 
ance Of carotid artery puncture sequelae during internal jugular cannu- 
lation. Anesth Analg 1982;61:181. 

4. Hug CC, Jr. Monitoring. In: Miller RD, ed. Anesthesia. New York: Churchill 
Livingstone, ]981:184—-5. 


PF 





Thoughts on Protamine Toxicity 


To the Editor: 


I enjoyed reading Horrow’s excellent review article (Anesth 
Analg 1985;64:348—61) on protamine toxicity and would like 
to comment on several issues. | agree with the author that 
the “delayed” anaphylactoid reactions reported 30 min or 
more after the injection of protamine can only tenuously 
be attributed to protamine administration. An alternative 
explanation might be that of an anaphylactoid response to 
fresh frozen plasma (FFP) as was demonstrated in a recent 
article by Hashim et al. (1). They reported eight patients 
who developed severe noncardiogenic pulmonary edema 
30 min to 4 hr after cardiopulmonary bypass (CPB) asso- 
ciated with FFP administration. Especially impressive was 
the one patient who developed the same syndrome in the 
intensive care unit with 50 ml additional FFP. Articles on 
protamine reactions have not excluded FFP administration 
as a possible cause of toxic reactions because many insti- 
tutions routinely give FFP after CPB at about the same time 
protamine is given. In fact, continuous infusions of FFP 
have been used to maintain blood volume during protamine 
reactions (2). 

Another subject not discussed in Horrow’s review is the 
possible importance of the source of heparin in mediating 
heparin—protamine reactions. A recent study comparing 
cardiovascular effects of protamine in a porcine model with 
prior administration of either beef lung or porcine mucosal 
heparin, the source of the heparin was the most significant 
variable in the hemodynamic response after protamine re- 
versal (3). Porcine heparin was associated with significant 
decreases in cardiac index and greater increases in pul- 
monary vascular resistance than was beef heparin. Further 
studies are needed to determine these differences in hu- 
mans with different heparin sources. 

Finally, the issue of administering steroids, H, and H, 
antagonists to patients at risk for protamine reactions is 
mentioned. | recently cared for a 56-yr-old man who suf- 
tered an anaphylactoid reaction to protamine during heart 
catheterization three days prior to CABG surgery. He had 
no known predisposing risk factors for a protamine sensi- 
tivity. He was given cimetidine, diphenhydramine, and hy- 


ANESTH ANALG 
1985;64:1029--38 


1033 


drocortisone before induction of anesthesia and during CPB. 
Protamine was injected into the aorta over 3 min with al- 
most immediate onset of pulmonary hypertension, low pul- 
monary artery occlusive pressure, and profound systemic 
shock requiring open cardiac massage before eventually re- 
sponding to epinephrine. Certainly intraaortic protamine 
injection and chemical prophylaxis are not to be relied upon 
in patients at risk for developing adverse responses to 
protamine. 


Stanley Brauer, MD 
Department of Anesthesiology 
Loma Linda University 
Loma Linda, CA 92350 
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Ketamine for Treatment of Priapism 


To the Editor: 


A 44-yr-old, 70-kg man was admitted for treatment with 
idiopathic priapism of 12 hours’ duration. Past medical his- 
tory was unremarkable and clinical and laboratory evalu- 
ation was normal. Priapism was successfully treated with 
the intravenous administration of ketamine, 2 mg/kg, neo- 
stigmine, | mg, and diazepam, 5 mg; atropine was not 
given. 

In reviewing the literature on this subject we found the 
interesting report published by Ravindran et al. (1). These 
authors, based on Gale's experience (2), administered ke- 
tamine for the treatment of priapism in two patients. Gale, 
the first to describe this use of ketamine, recommended a 
dose of 1 mg/Ib, which seems to have been misinterpreted 
by Ravindran et al. in their paper, because they say that 
the dose used by Gale was 0.5 mg/kg. With such a low 
dose, Ravindran et al. did not obtain satisfactory results; 
Gale already having reported that 0.5 mg/Ib (1.1 mg/kg) was 
insufficient for treatment of priapism. Ravindran et al. ob- 
tained, nevertheless, good results in treatment of priapism, 
by adding physostigmine, 1.5 mg, to ketamine, 0.5 mg/kg, 
based on the hypothesis that priapism is the result of reflex 
autonomic imbalance and physostigmine might be effective 
by stimulating the peripheral parasvmpathetic system, which 
might aid in causing relaxation of vascular sphincters in the 
corpora cavernosae. 

Other authors (3,4) have not, however, subsequently 
had good results with the ketamine—physostigmine com- 
bination, perhaps because physostigmine may antagonize 
central sedative and anesthetic etfects of ketamine (5,6) with 
the result that the central therapeutic action of ketamine in 
priapism may be also antagonized by physostigmine. Neo- 
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stigmine does not cross the blood-brain barrier (7,8), and 
thus the central antagonism of ketamine would hypothet- 
ically be less with neostigmine than with physostigmine, 
but neostigmine would still have a peripheral parasym- 
pathetic stimulation as effective as that of physostigmine. 

Although atropine is usually given with ketamine and 
neostigmine for decreasing the undesirable side effects of 
both drugs, atropine might counteract desirable muscarinic 
actions of neostigmine for the treatment of priapism (8). 
Bradycardia due to neostigmine is counteracted by the sym- 
pathomimetic action of ketamine. Atropine thus appears 
not to be necessary when ketamine—neostigmine combi- 
nation is administered for treatment of priapism. 

In our opinion the combination of ketamine and neo- 
stigmine may be more effective than the combination of 
ketamine and physostigmine, and it could be one of the 
first therapeutic steps in management of patients with idio- 
pathic priapism. 


A. Villalonga, MD 

J. Beltran, MD 

C. Gomar, MD 

M. A. Nalda, MD 

Departmento de Anestesiologia y Reanimacion Hospital Clinic i Provincial 
Facultad de Medicina 

Universidad de Barcelona 

Barcelona, Spain 
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Myoclonus after 
Etomidate Anesthesia 


To the Editor: 


The statement by Laughlin and Newberg (Anesth Analg 
1985;64:80—2) that the occurrence of myoclonus on emer- 
gence from etomidate anesthesia has not previously been 
reported is incorrect. This complication was first described 
in 1979 (1) in patients who had undergone bronchoscopy 
with etomidate anesthesia, the drug being administered by 
intermittent injection. Mild to moderate involuntary move- 
ments were observed during recovery in seven patients, 
three of whom had received a small dose of fentanyl at 
induction. The average duration of bronchoscopy was 22 
min and the myoclonus did not last more than 10 min in 
any patient. The mean dose of etomidate used for main- 
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tenance of anesthesia was 0.0192 mg-kg “min ' when it 
was used alone and 0.0174 mgkg ‘min ' when preceded 
by fentanyl. However, the mean dose in those who devel- 
oped myoclonus was 0.022 mg-kg Smin '. An increase in 
muscle tone associated with involuntary movement during 
recovery has also been reported after the steroid anesthetic 
minaxolone (2,3), but this drug will not be marketed. 

The explanation for the appearance of these movements 
proposed by Laughlin and Newberg appears very reason- 
able, and we can only assume that suppression of these 
movements by concomitant use of other central nervous 
system depressants is the reason for the lack of reports of 
myoclonus after etomidate. It is a pity that a drug that offers 
many advantages in terms of immunological safety, cardio- 
vascular stability, and rapid recovery, together with a phar- 
macokinetic profile that makes it suitable for use by contin- 
uous infusion, is beset by a complication that severely limits 
its use. 


Jean Lumley, FFARCS 

M. Morgan, FFARCS 
Department of Anaesthetics 

Royal Postgraduate Medical School 
Hammersmith Hospital 

Du Cane Road 

London, WI2 OHS, England 
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Aminophylline Antagonism 
of the Residual Effects of 
Fentanyl Anesthesia 


To the Editor: 


We have used aminophylline to reverse the residual effects 
of fentanyl anesthesia in four patients, with encouraging 
results. In one patient, surgery was for constrictive peri- 
carditis, in another for patent ductus arteriosus, and in two 
for mitral stenosis. Total doses of fentanyl were 12, 20, 34, 
and 30 ug/kg, respectively. Aminophylline, 2 mg/kg intra- 
venously, restored spontaneous respirations or increased 
respiratory rate and tidal volume within 9, 20, 5, and 10 
min, respectively, and patients regained consciousness after 
another 10, 20, 5, and 13 min, respectively. 

Aminophylline appears to reverse the residual effects of 
fentanyl anesthesia with no side effects. Its usefulness for 
this purpose deserves further study. 


Wang Ming-de 

Ren Zhen-Lin 

Department of Anesthesiology 

The Chang de Perfective People’s Hospital 
Chang De City, Hunan Province 

The People’s Republic of China 
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Common Sense in 
Statistical Analyses 


Te the Editor: 


Manchikanti et al. recently provided valuable information 
concerning the risk factors for aspiration pneumonitis (1). 
Since the pH of gastric contents is the single most important 
risk factor, the interpretation of these investigators using 
pH vs age data warrants comment. The justification for 
using pH instead of hydrogen ion concentration to compute 
various statistics is that the calculation of means from pH 
values is equivalent to computing the geometric mean of 
the actual hydrogen ion concentrations. Geometric statistics 
have the advantage of, in effect, assigning less weight to 
outher values than does the arithmetic mean. This method 
:s particularly useful when values can differ by a factor of 
10°, as in the data for gastric hydrogen ion concentration. 
A single outher can pull the mean far from the real central 
tendency (e.g., the arithmetic mean of 7, 8, 8, 9, 9, 10, 1000 
is 150, whereas the geometric mean is 16.7). However, if 
one’s primary goal is to measure central tendency, then the 
median value is almost always a better indication. In the 
above example the median value is 9. 

Why do I make this point? Table 1 shows the mean and 
median pH values for the three age groups studied by Man- 
chikanti et al. Judging from the mean values, one could 
conclude that there is a clinically important increase in pH 
with age. However, the median values indicate there is no 
change in pH as a function of age. Further, an examination 
of the authors’ Figure | shows that the regression line is 
adversely affected by a relatively small number of high pH 
values. In the adult age range the regression line is above 
most of the points, and in the geriatric age range the regres- 
sion line is even less representative of the data, splitting 
the difference between what appears to be two distinct 
groups. If a regression line must be fit to this sort of data, 
a method such as the least median of squares technique 
may be preferable (2). This technique results in a virtually 
horizontal line at a pH near 2.0 regardless of whether pH 
or actual hydrogen ion concentration is regressed against 

What emerges from Figure 1 displayed in the paper un- 
der discussion is that there is increasing scatter with age, 
and as a result the mean values of pH are successively less 
reliable indicators of central tendency as verified by the high 
coefficient of variation for both the adult and geriatric groups 
(Table 1). A coefficient of variation greater than 0.20 is rea- 
son for concern about the usefulness of the data. 

All of the above and the important clinical conclusions 

3 be drawn from the authors’ Figure 1 are obvious using 
= technique known as eyeballing. A quick eyeballing of 
Figure | shows about three-quarters of the data points lie 
below a pH of 2.5 and in none of the three age groups are 
more than half the data points above a pH of 2.5. Therefore, 
regardless of age, chances are at least 50:50 that gastric pH 
will be less than 2.5 and the patient at risk. The authors 
make this point. However, it is obscured by mean values 
anc regression lines that may lead some to feel that the 
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Table 1. Gastric pH Data 
Pediatric Adult Geriatric 
age group age group age group 
Mean 1.99 2.40 3.32 
Median 2.00 1.80 2.15 
Coefficient of 0.18 0.65 0.63 


variation 





Adapted from Manchikanti et al. (1). 


geriatric patient is at less risk and can be treated differently. 
Unfortunately, the demanas for sophisticated statistical 
analyses and the availability of complicated statistical soft- 
ware can produce a maze of impressive numbers that fre- 
quently miss obvious and important conclusions. It would 
seem that the current zeal for statistical rigor is occasionally 
counterproductive. 


Denis L. Bourke, MD 
University Hospital 
Department of Anesthesiology 
75 East Newton Street 
Boston, MA 02118 
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In Respon se: 


We thank Dr. Bourke for his comments on our handling of 
the age—gastric acidity relationship in our paper. Dr. Bourke 
expresses concern that “one could conclude that there is a 
clinically important increase in pH with age” that might 
“lead some to feel that the geriatric patient is at less risk 
and can be treated differently.” We too were concerned 
and, hence, emphasized in the discussion section that “we 
have demonstrated that a potential risk of aspiration of acid 
gastric contents exists at all ages in inpatients undergoing 
elective surgery despite overnight fasting” and concluded 
that “theoretically, most patients undergoing surgery under 
general anesthesia should receive prophylactic therapy to 
reduce gastric volume and acidity or increase lower esoph- 
ageal sphincter tone, or both.” We also warned that “‘geri- 
atric patients may seem to be at increased risk of regur- 
gitation of gastric contents as frequency of hiatal hernia, 
gastroesophageal reflux and decrease in gastric motility in- 
crease with age.” 

In addition, we presented seven different types of results 
summarizing the relationship between age and gastric acid- 
ity in an attempt to communicate clearly its exact nature. 
Six of the approaches involved grouping patients by age 
and comparing gastric acidity summary Statistics (mean pH, 
mean H*, pH of mean H‘, percent with pH = 1.8, percent 
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with pH = 2.5, and percent with pH > 5.0). All six showed 
geriatric patients to have slightly lower gastric acidity than 
adults or children. Dr. Bourke expresses concern about the 
distribution of pH in the three age groups and recommends 
the use of median pH (although our percent at risk indi- 
cators provided the same type of distribution-free descrip- 
tion as the median, which is simply the pH with 50% at 
risk). But even with a distribution-free test (the Krus- 
kal—-Wallis analysis of variance by ranks), geriatric patients 
had significantly higher pH than adults, and adult and pe- 
diatric patients did not differ significantly. 

Our seventh approach was to present a graph (Fig. 1) 
that displayed the regression line of pH on age and a plot 
of the age, pH data points for all 100 patients. Our hepe 
was that the gradual slope of the regression line would 
communicate the weak, direct relationship between age and 
pH and that the considerable scatter of points around the 
regression line would emphasize the weak nature of the 
relationship. Dr. Bourke recommends the use of a very new 
technique, least median of squares regression, instead of 
ordinary least (sum or mean of) squares regression that we 
used (although the article referenced appeared after our 
paper had been accepted for publication) (1). Apparently, 
though, the two techniques produced similar results. The 
least median of squares technique was said to result “im a 
virtually horizontal line at a pH near 2.0"; apparently, this 
means the line had an intercept of 2.0 and a slope near zero. 
But our results with ordinary least squares regression were 
quite similar; the intercept was 1.936 and the slope was 
0.015 (virtually a horizontal line). To check the stability of 
our regression findings, we have subsequently analyzed 
data for 130 controls (adult and geriatric patients, aged 14-87) 
pooled from five of our previous studies (2-5). The results 
were virtually identical: the intercept and slope were 1.452 
and 0.024, respectively. The slopes (0.015 and 0.024) of our 
regression lines did not differ significantly (P = 0.9442). 
Thus although the age-gastric acidity relationship is weak 
and might not provide immediate or direct clinical appli- 
cation, it would seem to be a stable, fundamental relation- 
ship of scientific, medical interest. 

Admittedly, a cursory reading of our paper (or any pa- 
per) could lead to an unwarranted conclusion. But the prob- 
lem here would not seem to be due to our statistical ap- 
proach. While we agree with Dr. Bourke that statistical 
analyses “can produce a maze of impressive numbers that 
frequently miss obvious and important conclusions” and 
that “the current zeal for statistical rigor is occasionally 
counterproductive,” the statistical presentation in our paper 
does not appear to exemplify either of these points. We 
continue to believe that our presentation accurately com- 
municates the relationship between age and gastric acidity 
as shown by our data. 


Jerry A. Colliver, PhD 

Division of Statistics and Measurement 
Southern Ilinois University School of Medicine 
Springfield, IL 62702 


Laxmaiah Manchikanti, MD 
Department of Anesthesiology 
Lourdes Hospital 

Paducah, KY 42001 
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Optimization of Oxygenation by 
CPAP During One-Lung Anesthesia 
Using Nitrous Oxide:Oxygen 


To the Editor: 


One-lung ventilation (OLV) results in transpulmonary right- 
to-left shunt because the nonventilated lung is still per- 
fused. During thoracotomy, Capan et al. (1) have shown 
that oxygen insufflation into the upper nonventilated lung 
at 10 cm HLO CPAP, combined with ZEEP ventilation of 
the dependent lung using halothane in 100% oxygen can 
diminish venous admixture and optimize arterial oxygen- 
ation. The present report shows that the CPAP technique 
can also improve oxygenation when nitrous oxide is being 
used during one-lung ventilation. 

The technique was applied in nine adult patients, 30-60 
yr, scheduled for resection of pulmonary hydatid cysts or 
solitary neoplasms. Surgery involved excision of the cyst or 
lobectomy. Preoperative medication consisted of meperi- 
dine, 75 mg, atropine, 0.6 mg, and promethazine, 25 mg 
injected intramuscularly 1 hr prior to induction. Anesthesia 
was induced with intravenous thiopental, 5 mg/kg, and 
succinylcholine, 1.5 mg/kg. After oxygenation, the patient 
was intubated by a double-lumen bronchial tube (Broncho- 
cath size #35-42). After the appropriate position of the tube 
was checked and the two lungs were isolated by auscul- 
tation of the chest, the tube was firmly fixed in position, 
and the patient was turned to the lateral decubitus position. 
Anesthesia was maintained by 50% nitrous oxide:oxygen 
supplemented by fentanyl, 2 uwg/kg, while neuromuscular 
blockade was continued by the nondepolarizing muscle re- 
laxant alcuronium. Ventilation was controlled throughout 
the period of investigation by an Ohio Anesthesia ventilator 
at a rate of 15 per minute, and the minute volume was 
adjusted to maintain the Paco, ranging between 35 and 45 
mm Hg. After 20 min of two-lung ventilation (TLV), arterial 
blood gas tensions were measured. Ventilation was then 
limited to the dependent lung using the same concentration 
of nitrous oxide:oxygen. After 20 min of one-lung ventila- 
tion (OLV), blood—gas tensions were measured again. This 
was followed by the insufflation of 10 L of 50% N-0:0, into 
the upper nonventilated lung at 10 cm H:O CPAP, while 
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Table 1. Arterial Po. (mm Hg) during Ventilation of Both 
Lungs (TLV), One Lung (OLV), and OLV with CPAP 








Patient TLV OLV OLV + CPAP 
l 319 125 157 
2 113 7A 86 
3 115 65 84 
4 242 86 118 
5 268 60 109 
6 109 70 88 
7 226 72 114 
8 310 159 234 
9 163 97 108 
Mean 207.22 89.66 122 
SD 84.63 32.76 47,58 


OLV of the lower lung was continued. The effect of CPAP 
on the arterial tension was evaluated after 20 min. As shown 
in Table 1, the mean arterial Po, during TLV with 50% 
N2O:0, was 207 + 84 mm Hg. After OLV, the Pao, was 
lowered to 89 + 35 mm Hg (P < 0.01). The application of 
CPAP to the nonventilated lung significantly increased the 
Pao, to 122 + 47 mm Hg (P < 0.01). 

The results of the present report confirm the predictions 
of Capan et al. that the high Pao, achieved with the CPAP 
technique may permit the use of nitrous oxide during one- 
lung ventilation (1). 


Anis Baraka, MD 
Musa Muallem, MD 
Maurice Baroody, MD 
Robert Mansour, MD 
Abdel Nour Sibai, MD 
Sania Hroun, MD 


Firyal Yamut, MD 
Department of Anesthesiology 
American University of Beirut 
Beirut, Lebanon 
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Precautions in Use of a New 
Endotracheal Tube for Laser Surgery 


To the Editor: 


Fire hazard has been recognized as a major complication 
during CO, laser surgery (1,2). Xomed Inc. has recently 
introduced the Laser-Shield cuffed endotracheal tube spe- 
cifically for use during laser surgery (Fig. 1). This tube is 
made from silicone with a metallic oxide coating over the 
cuff and distal two-thirds of the tube. However, a potential 
fire hazard exists if the cuff of the Laser-Shield endotracheal 
tube is inflated with air, rather than saline, when used 
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Figure |. Laser-Shield endotracheal tube by Xomed, with the cuff 
and the distal half of the tube coated with an unknown metallic 
oxide. 


during laser microsurgery of the larynx. The manufacturer's 
instructions for use of the tube in the package insert ex- 
plicitly state that the cuff should be inflated with sterile 
saline or methylene blue and saline. This recommendation 
is not a mere precaution, but is a necessity to maintain safety 
for the patient. The saline acts as a heat sump that readily 
dissipates the high, localized heat of the laser beam as it 
strikes the cuff. To demonstrate this we directed a beam 
from a carbon dioxide surgical laser (System 450 by Co- 
herent Medical) onto the cuff of a Laser-Shield endotracheal 
tube using the laser as suggested by the manufacturer; al- 
though in their experiments it was not stated whether their 
laser beams were directed to the cuff or not. Using a beam 
pulse of 0.1 sec/pulse in room air at 15 W with a beam 
diameter between 1-2 mm, nearly 15-20 impacts directed 
at the same site were required to cause penetration of the 
cuff when it was inflated with saline. However, with the 
laser at the same settings one impact was not only sufficient 
to penetrate the cuff, but even caused momentary ignition 
of the cuff when inflated with air. This clearly points out 
the necessity for strict adherence to the manufacturer's in- 
structions of using saline for cuff inflation. 

The manufacturer also cautions against use of this tube 
in the presence of oxygen concentration greater than 25%. 
Because many of our patients for laser microsurgery have 
cardiopulmonary problems that require us to use oxygen 
concentrations greater than 25%, we have had only limited 
use of this particular tube in our hospital. At the present 
time we are utilizing an uncuffed, flexible stainless steel 
tube (Norton-Devos Tube) (3). In our experience, this tube 
has proven safe in a wide range of surgical procedures and 
operating conditions during laser surgery. 


Remigio Rubiano, MD 

Juei-Ling Chang, MD 

Christopher E. Larson, DMD 

Robert A. Lawler, MD 

Paul Rehkopf 

Departments of Anesthesiology and 
Ophthalmology 

Eye and Ear Hospital 

University Health Center of Pittsburgh 

Pittsbureh, PA 15213 
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Anesthesia-Related Transient 
Aphonia and Quadriplegia 


To the Editor: 


We read with interest the report by Drexler et al. (1) of 
transient aphonia and quadriplegia associated with epidural 
anesthesia, but we disagree with their conclusion that this 
represented a vertebro—basilar transient ischemic attack. We 
believe a more tenable explanation is that the neurologic 
abnormalities were psychogenic in origin. 

Paralysis of both arms without respiratory involvement 
suggests either spinal cord involvement at C5 or involve- 
ment of both pyramidal tracts (corticospinal tracts) at some 
higher level within the brain. The former possibility would 
not account for the aphonia seen in the patient. The ob- 
served lack of corticobulbar (supranuclear cranial nerve in- 
nervation) findings suggests that the latter possibility is 
unlikely. Symmetric, bilateral pyramidal lesions in the lower 
medulla could produce quadriplegia but should also produce 
tongue weakness (medial medullary syndrome) as cranial 
nerve XII is closely associated with the pyramidal tracts. 
The patient described exhibited normal tongue movement. 
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Involvement of the nucleus ambiguous, its derivative cra- 
nial nerves IX and X, or both, could result in bilateral vocal 
cord paralysis, but such lesions should also result in im- 
paired facial sensation (descending tract of cranial nerve V), 
Horner’s syndrome (descending sympathetic pathway), and 
frequently nystagmus and oscillopsia (vestibular nuclei), 
the entire complex constituting the lateral medullary syn- 
drome. Furthermore, these structures are considerably re- 
moved from the pyramidal tracts; lesions producing aphonia 
and quadriplegia at this level should involve most of the 
cross section of the medulla (2). We cannot envision a vas- 
cular lesion that could produce quadriplegia and aphonia 
without numerous other effects. 

Even if one ascribes the quadriplegia to a high level of 
spinal anesthesia and thus unrelated to the presumed tran- 
sient ischemic attack, one still must confront the issue of 
which vascular lesions could result in aphonia without pro- 
duction of numerous other findings. 

As the authors point out, aphonia and quadriplegia are 
common hysterical symptoms, and we believe this to be 
the case in their patient. 


W. Davis Parker JR, MD 
Departments of Neurology and Pediatrics 
University of Colorado School of Medicine 


Kay C. Parker, MD 
Department of Anesthesiology 
Porter Memortal Hospital 
Swedish Medical Center 
Denver, Colorado 
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Book Reviews 


Endocrinology and the Anaesthetist 
T. Oyama, ed. Amsterdam: Elsevier Science Publishers 
B.V., 1983, 266 pp, $73.00. 


Endocrinology and the Anaesthetist is volume 11 of a series 
entitled Monographs in Anaesthesiology. It is a well-bound 
volume, and the layout and typesetting make for easy read- 
ing. The 11 chapters cover the endocrine and metabolic 
responses to surgery, as well as topics as diverse as the 
thyroid, catecholamines, endorphins, the pituitary, the ad- 
renal, and even myasthenia gravis. A little tabulating re- 
veals that the chapters range from 14 to 39 pages in length, 
contain 0-14 figures (total of 69), 0-13 tables (total of 41), 
and are authored by 14 contributors, including seven from 
the US, two each from Italy, Japan, and Denmark, and one 
fram France. Ten of the authors list affiliations in anesthesia, 
three in surgery, and one in medicine. Two chapters contain 
neither a figure nor a table for illustration. Most of the 
references are from the 1970s, a few from 1980 and 1981, 
and one from 1982. 

Chapter one, “Endocrine Response to General Anes- 
thesia and Surgery,” by the editor, is obviously an ex- 
panded version of his chapter “Influence of General Anes- 
thesia and Surgical Stress on the Endocrine Function” in 
the Contemporary Anesthesia Practice series of 1980. Although 
some paragraphs and figures are identical, there is also 
additional material and an expanded list of references. 

Some chapters are succinct, informative, and helpful, for 
example those on vasopressin and myasthenia. (The latter 
oegins with a paragraph attempting to justify its inclusion 
in this book!) Unfortunately, as in all multiauthor texts, the 
style, quality, and depth of presentation vary considerably. 
Some chapters are too specific and not clinical enough. For 
example, the chapter on hypophysectomy is used only to 
explain and promote the authors use of chemical 
neuroadrenolysis. 

There are other annoyances that detract from the value 
of this book. There are numerous typographic errors. More 
significant is the occasional lack of information which makes 
evaluation of a study difficult. For example, the open heart 
study on page 54 omits data on the intubation (e.g., which 
relaxant was used, in what dose). A useful chapter on cate- 
cholamines is marred by the excessive use of abbreviations. 
One might also question editing that allows discussion of 
morphine and fentanyl as “narcotic analgesics,” but sufen- 
tanyl and alfentanyl as “narcotic agonists—antagonists” 
(p 249). 

More significantly, the value of the book is limited by a 
grossly inadequate, inconsistent, and incomplete index cov- 
ering only 1'2 pages. Why, for example, should alfentany! 
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and sufentanyl be indexed but not fentanyl? All three are 
discussed on the same page (249), and fentanyl is discussed 
in greater detail. On pages 236-7 we find 17 lines devoted 
to guanethidine, 4'% lines to bretvlium, and seven lines to 
reserpine, yet only the last two make the index. There is 
no mention of thiopental or any other barbiturates in the 
index, although they are mentioned in more than one place 
in the text. Similarly there is no mention of diazepam, al- 
though two-thirds of page 250 is devoted to it. The chapter 
on diabetes discusses cortisol in normal man on page 96; 
that page is indexed, yet a full page (106) devoted to cortisol 
in diabetics is not indexed. 

This book might have been useful either as a clinical text 
supplement or as a reference source. It fails to satisfy either 
goal. It does not contain enough clinically useful, well pre- 
sented material to justify its inclusion in every physician's 
collection; it fails as a reference source because of its poor 
index. 


Arthur J. Klowden, MD 

Illinois Masonic Medical Center 

The University of Ilinois School of Medicine 
The Shriner's Hospital for Crippled Children 
Chicago, IHL 60680 
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Cardiovascular Anesthesia 
Carol L. Lake. New York: Springer-Verlag, 1985, 467 pp, 
$49.50. 


There is no doubt that Cardiovascular Anesthesia by Carol 
Lake, mD, achieves the goals stated in the preface. The book 
covers all aspects of a cardiac surgical patient’s perioperative 
experiences, and the principles developed certainly are ap- 
plicable to noncardiac patients as well. This latest entry in 
the cardiac anesthesia field is unique in that it is a single- 
authored text. The well organized, clearly written, com- 
prehensive chapters reflect Dr. Lake’s detailed, meticulous 
approach to patient care. The consistency of style and lack 
of repetition enhance readability. 

Although single-authored, the text presents multiple 
points of view supported by numerous up-to-date refer- 
ences, almost all of which are from the late 1970s and 1980s. 
The typetace is clean and bright. Tables and figures are well- 
designed and clearly labeled. A comprehensive index and 
extensive use of subheadings in each chapter make it easy 
to locate specific material. Features that would have been 
useful but which are not included are a table of abbrevia- 
tions used and, because references are so extensive, an 
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index to authors cited. A chapter on the historical aspects 
of cardiovascular anesthesia would have added an extra 
dimension to the book. The book does have misspellings; 
two that I noticed are in the Table of Contents, Chapter 
One, ‘’Cardivascular’ and on page 375 in the running head, 
“cardiovasculr.”’ 


In summary, Dr. Lake’s Cardiovascular Anesthesia is an 


impressive source of information for all those involved in 
the care of cardiac patients. At $49.50 it is a real bargain. 


William A. Lell, MD 

A. J. Wright, MLS 

Department of Anesthesiology 
University of Alabama Medical Center 
Birmingham, AL 35233 
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ERRATUM 


Swen J, Gencarelli PJ], Koot HWJ. Vecuronium infusion dose requirements dur- 
ing fentanyl and halothane anesthesia in humans. Volume 64, Number 4, 


April 1985 


Page 413, column 2, line 4 from the bottom 


CHANGE . . 
TO READ... yg'kg ihr’ 


Page 414, column 1, line 1 
CHANGE... mg:kg bhr ! 
TO READ... pg'kg` bhr i 


A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 

Anesthesia and Analgesia is the oldest publication for the specialty 
of anesthesiology. Established 60 years ago, the Journal is the of- 
ficial voice of the International Anesthesia Research Society. It pub- 
lishes original articles, clinical reports, technical communications, 
review articles, and letters to the editor to provide researchers, 
practicing physicians, and allied medical personnel in anesthe- 
siology and related disciplines with monthly information to keep 
them current with the latest issues and advances in the field. 

All papers are reviewed by three or more referees. Acceptance 
is based upon significance, originality, and validity of the material 
presented. Only one copy of the articles not accepted for publi- 
cation will be returned to the author. 

All papers will be edited for clarity, style, factual accuracy, 
internal logic, and grammar. The submitted manuscript should be 
accompanied by a covering letter that must include a statement to 
the editor about all submissions and previous reports that might 
be regarded as prior or duplicate publication of the same, or very 
similar, work. The title page and abstract of such material should 
be included with the submitted manuscript to help the editor decide 
how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals,” reprinted in Annals of Internal Medicine 
1982;96:766-71 and Lancet 1982;284:1766-70. 

Use the checklist given below for preparation of manuscripts: 


General 

L Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 

_. Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment 
of demonstrable originality, usefulness, and safety. 


Technical communications are papers that deal with instru- 
mentation and analytic techniques. 


. Review articles of 2500 to 4000 words collate, describe, and 
evaluate previously published material to aid in evaluating new 
concepts. 

| Letters to the editor, less than 300 words in length, include brief 

constructive comments concerning previously published articles 

or brief notations of general interest. The manuscripts must be 
double spaced, and a title and three copies must be provided. 


Type manuscripts on white bond paper, 216 by 279 mm (8-1/2 
by 11 in.) or ISO A4 (212 by 297 mm) with margins of at least 
25 mm (1 in) using double spacing throughout. 

_ Begin each of the following sections on separate pages: title 
page, abstract and key words, text, acknowledgments, refer- 
ences, tables (each table, complete with title and footnotes, should 
be on a separate page), and legends. Type only on one side of 
the paper and number pages consecutively, beginning with the 
title page. Type the page number in the upper right-hand corner 
of each page. 

_. Submit three copies of manuscript and figures in a heavy paper 

envelope. Submitted manuscripts should be accompanied by a 

covering letter, and permissions to reproduce previously pub- 

lished materials or to use illustrations that may identify subjects. 


L Authors should keep copies of everything submitted. 


Title Page 

_ The title page should contain the title of the article, which should 
be concise but informative; 

— A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

~ First name, middle initial, and last name of each author, with 
highest academic degree(s); 

_. Name of department(s) and institution(s) to which the work 
should be attributed; 


_. Disclaimers, if applicable; 


~ Name and address of author responsible for correspondence 
about the manuscript; 


L Name and address of author to whom requests for reprints 
should be addressed, or a statement that reprints will not be 
available from the author; 


L The source(s) of support in the form of grants. 


Abstract and Key Words 


_ The second page should carry an abstract of not more than 150 
words. 


~ The abstract should state the purposes of the study or investi- 
gation, basic procedures (study subjects or experimental ani- 
mals; observational and analytic methods), main findings (give 
specific data and their statistical significance, if possible), and 
the principal conclusions. Emphasize new and important as- 
pects of the study or observations. 


— Define all abbreviations except those approved by the Inter- 
national System of Units. 


a Key (indexing) terms: Below the abstract, provide (and identify 
as such) 3 to 10 key words or short phrases that will assist 
indexers in cross indexing the article and that may be published 
with the abstract. 


Text 


_ The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their 
content, especially in the Results and Discussion sections. 

_. Case reports, reviews, and editorials do not require the above 
sections. 


_ Introduction: Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly 
pertinent references, and do not review the subject extensively. 

~ Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name 
and address in parentheses), and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods; provide 
references and brief descriptions for methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 

Identify precisely all drugs and chemicals used, including ge- 

neric name(s), dosage(s), and route(s) of administration. 

Do not use patients’ names, initials, or hospital numbers. 

Include numbers of observations and the statistical significance 

of the findings when appropriate. Detailed statistical analyses, 

mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 
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Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. 

Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. Avoid claim- 
ing priority and alluding to work that has not been completed. 
State new hypotheses when warranted, but clearly label them 
as such. 


Recommendations, when appropriate, may be included. 


References 
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Number references consecutively in the order in which they are 
first mentioned in the text, except in review articles when ref- 
erences may be arranged alphabetically. 


Identify references in text, tables, and legends by arabic nu- 
merals (in parentheses, on line). 


Use the style of the examples below, which are based on the 
format used by the US National Library of Medicine in Index 
Medicus. 


The titles of journals must be abbreviated according to the style 
used in Index Medicus. 

Try to avoid using abstracts as references; “unpublished obser- 
vations” and “personal communications” may not be used as 
references although references to written, not verbal, commu- 
nications may be inserted (in parentheses) in the text. Infor- 
mation from manuscripts submitted but not yet accepted should 
be cited in the text as “unpublished observations” (in paren- 
theses), Authors citing as references articles from their own group 
that are in press and that have a bearing on the paper submitted 
should enclose 3 copies of an abstract of such in press materials. 


References must be verified by the author(s) against the original 
documents. 


Examples of correct forms of references are given below: 


Journals: 


l. 


Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311~4. 


. Corporate Author 


The Royal Marsden Hospital Bone-Marrow Transplantation 
Team. Failure of syngeneic bone-marrow graft without pre- 
conditioning in post-hepatitis marrow aplasia. Lancet 1977;2: 
242-4, 


. No Author Given 


Anonymous. Coffee drinking and cancer of the pancreas (Ed- 
itorial). Br Med J 1981;283:628. 


. Journal Supplement 


Mastri AR. Neuropathy of diabetic neurogenic bladder. Ann 
Intern Med 1980;92(2 Pt 2):316-8. 

Frumin AM, Nussbaum J, Esposito M. Functional 
asplenia: demonstration of splenic activity by bone marrow 
scan (Abstract). Blood 1979;54(suppl 1):26a. 


. Journal Paginated by Issue 


Seaman WB. The case of the pancreatic pseudocyst. Hosp Pract 
1981;16(Sep):24—5. 


Books and Other Monographs: 
6. Personal Author(s) 


Eisen HN. Immunology: an introduction to molecular and cel- 
lular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 


10, 


11. 


. Editor, Compiler, Chairman as Author 


Dausset J, Colombani J, eds. Histocompatibility testing 1972. 
Copenhagen: Munksgaard, 1973:12-8. 


. Chapter in a Book 


Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457-72. 


. Published Proceedings Paper 


DuPont B. Bone marrow transplantation in severe combined 
immunodeficiency with an unrelated MLC compatible donor. 
In: White HJ, Smith R, eds. Proceedings of the third annual 
meeting of the International Society for Experimental Hema- 
tology. Houston: International Society for Experimental Hem- 
atology, 1974:44-6. 

Monograph in a Series 

Hunninghake GW, Gadek JE, Szapiel SV, et al. The human 
alveolar macrophage. In: Harris CC, ed. Cultured human cells 
and tissues in biomedical research. New York: Academic Press, 
1980:54-—6. (Stoner GD, ed. Methods and perspectives in cell 
biology; vol. 1). 


Agency Publication 

Ranotsky AL. Surgical operations in short-stay hospitals: 
United States—1975. Hyattsville, Maryland: National Center 
for Health Statistics, 1978; DHEW publication no. (PHS) 78- 
1785. (Vital and health statistics; series 13; no. 34). 


. Dissertation or Thesis 


Cairns RB. Infrared spectroscopic studies of solid oxygen (Dis- 
sertation). Berkeley, California: University of Calitornia, 1965. 
136 pp. 
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Type each table double spaced on a separate sheet. Do not 


submit tables as photographs. 


Number tables consecutively and supply a brief title for each. 
Give each column a short or abbreviated heading. 


Place explanatory matter in footnotes, not in the heading. Ex- 
plain in footnotes all nonstandard abbreviations that are used 
in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 


Do not use internal horizontal or vertical rules, 
Cite each table in the text in consecutive order. 


If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


The editor, on accepting a manuscript, may recommend that 
additional tables containing important backup data too exten- 
sive to publish be deposited with the National Auxiliary Pub- 
lications Service or made available by the author(s). In that event, 
an appropriate statement will be added to the text. Submit such 
tables for consideration with the manuscript. 


Illustrations 
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Submit three complete sets of figures. Figures should be profes- 
sionally drawn and photographed; freehand or typewritten let- 
tering is unacceptable. 


Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm (5 by 7 in) but no larger than 
203 by 254 mm (8 by 10 in). 

Letters, numbers, and symbols should be clear and even through- 
out and of sufficient size that, when reduced for publication, 
each item will still be legible. Titles and detailed explanations 
belong in the legends for illustrations, not on the illustrations 
themselves. 


Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of 
the figure. Do not write on the back of the figures or mount 


them on cardboard, or scratch or mar them by using paper clips. 
Do not bend figures. 


C Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 


O If photographs of patients are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 


O Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source afd abit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 

C For illustrations in color, supply color negatives or positive tran- 
sparencies and, when neceasary, accompanying drawings marked 
to indicate the region to be reproduced; in addition, send two 
positive color prints to assist editors in making recommenda- 
tions. Illustrations will be published in color only if the author 
pays for the extra cost. 


Legends for Illustration 

(J Type legends for illustrations double spaced starting on a sep- 
arate page, with arabic numerals corresponding to the illustrations. 

C When symbols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. Explain internal scale and identify method of 
staining in photomicrographs. 


Abbreviations 

CI The full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of measure- 
ment. Avoid abbreviations in the title. 


C Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include ali in a box of definitions at the 
start of the article. 


[ Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biology 
Editors style manual: a guide for authors, editors, and pub- 
lishers in the biological sciences. 4th ed. Arlington, Virginia: 
Council of Biology Editors, 1978; and . 


2. O’Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975, 


Ethical Principles 

(J When reporting experiments on human subjects, indicate whether 
the procedures followed were in accord with the ethical stan- 
dards of the Committee on Human Experimentation of the in- 
stitution in which the experiments were done or are in accord 
with the Helsinki Declaration of 1975. 

C] When reporting experiments on animal subjects, indicate whether 
the institution’s or the National Research Council’s guide for 
the care and use of laboratory animals was followed. 


Exclusive Publication Statement 

C The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 
currently under consideration for publication elsewhere. 

C Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society. 
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ETHRANE” (enflurane), A BRIEF SUMMARY 
(Consult package insert for complete use information) 
CAUTION: Federal Law Prohibits Dispensing Without Prescription 


ACTIONS 

ETHRANE”" (enflurane) is an inhaled anesthetic. The MAC (minimum alveolar con- 
centration) in middle-aged humans is 1.68% in oxygen and 0.57% in 70% nitrous oxide. 
The blood/gas partition coefficient is 1.91 at 37°C. 

Enflurane obtunds pharyngeal and laryngeal reflexes. Changes in theinspired concen- 
tration of enflurane can rapidly change anesthetic depth. Enfluraneë depresses ventila- 
tion, and deeper levels of anesthesia can produce high PaCO, levels with spontaneous 
ventilation. 

Blood pressure and cardiac output decrease with induction of anesthesia. Surgical 
stimulation tends to restore these variables to near normal levels. Increases in depth 
of anesthesia decrease pressure and output. Heart rate and ventricular rhythm are little 
affected by enflurane. Enflurane may slightly sensitize the heart to the arrhythmogenic 
effects of epinephrine. 

Enflurane, alone, may produce muscle relaxation adequate for intra-abdominal opera- 
tions. Nondepolarizing muscle relaxants, especially pancuronium and d-tubocurarine, 
are potentiated. l 

Analgetic concentrations of enflurane (0.25% to 1%) do not significantly depress the 
rate or force of uterine contraction, and normally do not appreciably affect uterine bleod 
loss or Apgar scores. Concentrations of 1% to 2% depress the rate and force of uterme 
contraction, and 2% to 3% may abolish contractions. Concentrations of 1.5% to 3% 
diminish or abolish the uterine response to oxytocin. Concentrations exceeding 1% 
for vaginal delivery or cesarean section may increase uterine bleeding. In patients given 
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1% enflurane in 70% nitrous oxide for therapeutic termination of pregnancy, mean 
estimated blood loss is 40 m]l—-versus 20 mlin patients given only a local anesthetic 
The peak levels of serum fluoride after enflurane anesthesia in humans (average 15 uM/1) 
are well below the 50 uM/ threshold for minimal renal damage in normal patients. 
However, patients taking isoniazid or other hydrazine-containing compounds may 
metabolize more enflurane, and peak serum fluoride levels can exceed 50 uMi. 
CONTRAINDICATIONS 

Seizure disorders (see WARNINGS) 

Known sensitivity to ETHRANE” (enflurane) or other halogenated anesthetics. 
Known or suspected genetic susceptibility to malignant hyperthermia. 


WARNINGS 

Convulsive activity may be associated with the use of enflurane, particularly with deep 
anesthesia (greater than 3% enflurane) and/or with hypocapnia 

Only vaporizers producing predictable concentrations of enflurane should be used 
Hypotension and respiratory depression can serve as indicators of deeper levels of 
anesthesia. Greater circulatory depression may result from enflurane administration 
in patients who are hypovolemic or who have myocardial dysfunction 

If unexplained hepatic dysfunction followed a previous exposure to a halogenatėd 
anesthetic, consideration should be given to use of an agent other than enflurane 


PRECAUTIONS 

General: ETHRANE”" (enflurane) should be used cautiously in patients with a medical 
or drug history suggesting a greater susceptibility to cortical stimulation 
Information for Patients: As with other anesthetics, enflurane may slightly decrease 
intellectual function for two to three days after anesthesia. Similarly, small changes in 4 
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when epinephrine for hemos tasis 


mood and symptoms may persist for several days after administration. 

Laboratory Tests: Bromsulfalein (BSP) retention occasionally is mildly increased post- 
operatively. This may be the result of surgery itself since anesthesia for 5 to 7 hours in 
volunteers does not increase BSP. Glucose and white blood count increase intra- 
operatively. Glucose elevation should be considered in diabetic patients. 
Pregnancy Category B: Reproduction studies in rats and rabbits given four times the 
human dose of enflurane revealed no impairment of fertility or harm to the fetus. 
However, no adequate studies have been done in pregnant women, and enflurane 
should be used during prégnancy only if clearly needed. 

Nursing Mothers: Enflurane may be excreted in human milk and caution should be 
exercised when enflurane is administered to. a nursing mother. 

Malignant Hyperthermia: In susceptible individuals, enflurane may trigger a 
hypermetabolic state and the chnicalsyndrome of malignant hyperthermia. The syn- 
drome includes muscle rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and 
unstable blood pressure (these nonspecific signs also may appear with light 
anesthesia, acute hypoxia, etc.). The increase in metabolism may elevate temperature 
(which may rise rapidly early or late in the case, but usually is not the first sign of 
auġmented metabolism) and increase the usage of the CO, absorption system (hot 
canister). PaO, and pH may decrease, and hyperkalemia and a base deficit may appear. 
Treatment includes discontinuance of triggering agents (e.g., enflurane), administra- 
tion of intravenous dantrolene sodium, and application of supportive therapy. Such 
therapy includes vigorous efforts to restore body temperature to normal, respiratory 
and circulatory support, and management of electrolyte-fluid-acid-base derangement. 
Renal failure may appear and urine flow should be sustained if possible. 
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ADVERSE REACTIONS 

1. Malignant hyperthermia (see PRECAUTIONS). 2. Deep levels of enflurane anesthesia 
and/or light levels with hypocapnia may produce convulsive activity. 3. Hypotension 
and respiratory depression may occur. 4. Arrhythmias, shivering, nausea, and vomiting 
have been reported. 5. Leukocytosis has been observed. 6. Unexplained mild, moderate, 
and severe liver injury may rarely follow anesthesia with enflurane. 


OVERDOSAGE 
To treat overdosage, stop drug administration, establish a clear airway, and assist or 
control ventilation with pure oxygen. 


DOSAGE AND ADMINISTRATION 

Before administration, consult completė information in package insert. The concen- 

tration of ETHRANE” (enflurane) being delivered should be known. Only use 
vaporizers calibrated specifically for enflurane, or vaporizers from which delivered con- 

centrations can easily and readily be calculated. 


HOW SUPPLIED 

ETHRANE (enflurane) is packaged in 125 and 250 ml amber-colored bottigp. 
125 mL—NDC 10019-350-50 

250 mL—NDC 10019-350-60 

Storage: Store at room temperature. 


Ethrane’ ...a product of original Anaquest research 


(enflurane) 


Available outside of North America as Alyrane™ (enflurane) 
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As safe 


as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF).*? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.° 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.° 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
Zation,*° and hemorrhagic, traumatic, 
or septic shock.*:>” 
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No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter?’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients? °.” And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 

of albumin or PPF 

Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 


Phone 1-800-323-4980. 


(hetastarch) 


American Hospital Supply Corporation 


Lifesaving, 
moneysaving 





Please see references and brief summary of 
prescribing information on following page. 
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HESPAN (hetastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 

CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
rena! failure with oliguria or anuria. 

WARNINGS 

Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient prolon- 
gation of prothrombin, partial thromboplastin and clotting 
times. With administration of large doses, the physician 
shouid also be alert to the possibility of transient prolonga- 
tion of bieeding time. 

Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch. 

Usage in Leukapheresis: Significant deciines in platelet 
counts and hemoglobin feveis have been observed in 
donors undergoing repeated leukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemoditu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values, 

Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women. particularly during early pregnancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

Usage in Children: No data available pertaining to use in 
children. 

The safety and compatibility of additives have not been 
established. 

PRECAUTIONS 

The possibility of circulatory overload should be kept in 
mind. Special care should be exercised in patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestive 
heart failure ts increased. indirect bilirubin levels of 

0.83 mg% {normai 0.0-0.7 mg%) have been reported in 

2 out of 20 normal subjects who received multiple heta- 
Starch infusions. Total bilirubin was within normal limits at 
all times; indirect bilirubin returned to normai by 96 hours 
following the final infusion. The significance, if any, of these 
elevations is not known, however, caution should be 
observed before administering hetastarch to patients with 
a history of liver disease. 

Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
hetastarch use during leukapheresis. Studies should 
include CBC, total ieukocyte and platelet counts, leukocyte 
diferentia! count, hemoglobin, hematocrit, prothrombin 
time (PT), and partiai thromboplastin time (PTT). 
Hetastarch is nonantigenic. However, allergic or sensitivity 
reactions have been reported (see ADVERSE REACTIONS). 
if such reactions occur, they are readily controlled by dis- 
continuation of the drug and, if necessary, administration of 
an antihistaminice agent. 

ADVERSE REACTIONS 

The following have been reported: vomiting, miid tempera- 
ture elevation, chills, itching, submaxillary and parotid glar- 
dular enlargement, mild influenza-like symptoms, head- 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting of peri- 
orbital edema, urticaria, and wheezing. 

HOW SUPPLIED 

NDC 0094-0037-05-Hespan® (6% Hetastarch in 0.9% 
Sodium Chloride injection} is supplied sterile and nonpyro- 
genic in 500 mi intravenous infusion bottles. 





CAUTION 
Federa! (U.S.A.} law prohibits dispensing without pre- 
scription. Rev: Feb., 1982 
Distributed by 
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IARS REVIEW COURSE 
LECTURES AVAILABLE 


— 1985, 59th Congress—26 Review 
Course Lectures—$6.00 


—_ 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


._— 1983, 57th Congress—16 Review 
Course Lectures—$5.00 


—— 1982, 56th Congress—14 Review 
Course Lectures-—$5.00 


To: 

International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to IARS in the amount of 
$__._____ is enclosed. 





(Name) 





(Mail Address) 








(City, State, Zip) 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY IARS ANESTHESIA ADVANCEMENT AWARD 


The B.B. Sankey Anesthesia Advancement Award has been established to 
expand upon and replace the IARS Research Award. This new award is 
intended to foster investigative efforts in the fields of anesthesia research, 
clinical care, education and administration. 


The recipients of the 1985 Sankey Anesthesia Advancement Awards are: 


Roger S. Brett, MD, PhD, State University of New York, Stony Brook, 
New York 


Patrick Curling, MD, Emory University School of Medicine, Atlanta, Georgia 
Richard F. Davis, MD, University of Florida College of Medicine, Gainesville, 
Florida 


1986 B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


Applications for up to $25,000 are invited for the 1986 Award, subject to the following basic 
conditions: 


- The proposal must be within the general field of anesthesiology and may be for research, 
clinical care, education or administration. 


- The applicant must be a member cf the International Anesthesia Research Society. 


- Applications must be received in the IARS Cleveland office not later than December 16, 
1985. 


- The official application form for the award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


Emerson A. Moffitt, MD 
Executive Secretary 
International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122, USA 

Telephone: (216) 295-1124 


The 1986 Award(s) will be announced at the Annual Meeting (60th Congress) of the 
International Anesthesia Research Society to be held at Caesars Palace, Las Vegas, Nevada, 
March 15-19, 1986. 


Now Published by Elsevier 
Journal of the 


American Geriatrics Society 


GENE H.S 





STOLLERMAN, MD, Editor, Boston University Hospitals, Boston, MA 


JOHN P BLASS, MD, PhD, Associate Editor, White Plains, NY 


Section Editors 

HARVEY] COHEN. MD 
Genatne Bioscience 

Durham. NC 

DAVID C. THOMAS MA, PRD 
Medical Ethns and Humamtes 
Mawood, IL. 

JOHN R. BALL. MD. ID 

Law and Public Policy 
Washington. DC 

URIEL $. BARZEL, MD 

Book Reviews 


EWALD W. BUSSE, MD 

Durham, NC 

Bio- behavioral Sciences 

LEO M. COONEY, jn MD 

New Haven, CT 

Rheumatology and 
Rehabilitation 

WILLIAM R. HAZZARD, MD 

Baltimore, MD 

Metabolism and Endocrinology 

PETER P LAMY, PhD. FCP 

Baltimore, MD 


Bronx. NY Pharmacotherapy 
PATRICK W. IRVINE. MD IAY P SANFORD. MD 
Abstracts Bethesda, MD 
Sr. Paul, MN Infectious Diseases 

men IRVING S. WRIGHT, MD 
Editorial Board New York, NY 


Through 1985 

ROBERT BERKOW. MD 

i ansdale, PA 
Psychosomatic Medicine 
GEORGE E. BURCH, MD 
New Orleans. LA 
Cardiology 


Cardiovascular Disease 


Through 1986 


Houston, TX 
Clinical Pharmacology 
Journal of the American Geri- 

atrics Society has been providing 
the medical community with out- 
standing original coverage of all 
aspects of geriatrics for over 30 years. 
Emphasizing original research, Jour- 
nal of the American Geriatrics 
Society publishes both clinical and 
basic science studies on a broad 
range of topics. A distinguished 
editorial board, drawn from many 
medical specialties, ensures that the 
journal includes contributions from 
all areas of this interdisciplinary field. 


the elderly 


Regular features of Journal of 
the American Geriatrics Society 


DANIEL BLAZER, MD 
Durhan NC 

Psyvchiag v and Epidemiology 
CLAIR COX, MD 

Memphis. TN 

Urology 

EDMUND PELLEGRINO, MD 
Washington DE 

Philosophy and Ethics or Medicine 
NICHOLAS |. PISACANO, MD 
Lexington, KY 

Family Medicine 

JOHN ROWE, MD 

Boston. MA 

Gerontologie Physiology 
DAVID SOLOMON, MD 

Los Angeles, CA 
Endocrinology 

SHELDON TOBIN, PhD 
Albany, NY 

Health Psychology 

Through 1987 





on the difficult ethical questions 
tacing all physicians who treat 


e Law and Public Policy 
clear, concise reports on the 
latest legislative and judicial 
developments that affect patient 


RPWARD D | ROHLICH. MB 
New Orleans, LA 
Hvpertensias and 

Chimical Pharmacology 
OHN E MORLEY MD 
Sepulveda, CA 
Neurvenducrinology 
ARTHUR L MOSS, MD 
Rochester, NY 
Cardiovascular Diseases 
LAURENCE Z. RUBENSTEIN, MD, MPH 
Sepulveda, CA 
Geriatric Health Services 
ROBERT D. TERRY, MD 
La Jotia. CA 
Neuropathulogy 
STANLEY F WAINAPEL. MD 
Boston, MA 
Rehabilitation Medicine 
CHARLES E. WELLS. MD 
Nashville, TN 
Psychiatry 


DARRELL R.ABERNETHY.MD EVAN CALKINS. MD 
Buffalo, NY 
Geriatric Medicine 


Geriatricians, internists, cardiol- 
ogists, rheumatologists, psychiatrists, 
endocrinologists, tamily practi- 
tioners, and others who treat older 
patients relv on Journal of the 
American Geriatrics Society for 
up-to-date information on all 
aspects of geriatric health care. 


Journal of the American Geriatrics Society is 
abstracted/indexed in Index Medicus, Current 
Contents, Science Citation Index, Automatic 
Subject Citation Alert, Social Sciences Citation 
Index, and [SI/Biomed. 

1985 Subscription Information: 

Journal of the American Geriatrics Society 
Volume 33, 12 issues, 1985 

Personal Rate: $50.00 

institutional Rate: $55.00 

Subscribers outside the U.S. and U.S. possessions 
should add $15.00 for surtace delivery or $30.00 
for air mail delivery. Sample copies are available. 


, management 
include: e Clinical Experience 
e Medical Ethics and practical solutions to common 
Humanities 


thought-provoking viewpoints delivery 


problems in geriatric health care 


Elsevier 


ORDER FORM 

Journal of the American Geriatrics Society 

Volume 33, 12 issues, ISSN 0002-8614, 1985 

Please enter my subscription at the Institutional Rate of $55.00 
Please enter my subscription at the Personal Rate of $50.00 
Please send me a free sample copy. 











Subscribers outside the U.S. and U.S. possessions should add $15.00 for surface 
delivery or $30.00 for air mail delivery. 


Payment 


Enclosed please find my: {2 personal check T bank draft 

CI UNESCO coupons in the amount of 

Please charge to: C American Express T! VISA 

(i MasterCard/Access/Eurocard (issuing bank # A ASS a] 


Account # Expires 
Signature 


L Please bill me. (Orders from non-US. customers must be prepaid.) 


Name 
Institution 
Address 
City 


State tt. 21D/ Postal Code 

For sample copies, send to 

in North and South America: 

Elsevier Science Publishing Co., Inc. 

P.O. Box 1663, Grand Central Station, New York, NY 10163 

in the rest of the world: 

Elsevier Science Publishers, Direct Mai! Department 

P.O. Box 211, 1000 AE Amsterdam, The Netherlands 

Note: Send subscription orders to either your usual supplier or the New 


York address. All subscriptions begin with the first issue of the calendar year. 
Subscription rates valid through Dec. 31, 1985. 7/85 EB329 


JEFFERSON MEDICAL COLLEGE 
THOMAS JEFFERSON UNIVERSITY 
IN HISTORIC PHILADELPHIA 


THE DEPARTMENT OF 
OTOLARYNGOLOGY AND THE OFFICE OF 
CONTINUING MEDICAL EDUCATION 


present 


THE USE OF THE CO: LASER 
FOR HEAD AND NECK SURGERY 


at Jefferson Medical College 
Philadelphia, PA. 


A two day workshop given on the following dates: 
September 27-28, 1985 
December 6-7, 1985 
February 21-22, 1986 
April 18-19, 1986 


ANESTHESIOLOGISTS: 
e limited to 28 participants 
e 8 credit hours in Category | 
e participation in Day | of each two day workshop 
« fee: $300.00 


OTOLARYNGOLOGISTS: 
e limited to 12 participants 
e 16 credit hours in Category | 
e participation in Day | and Day Il, including four (4) hours 
of laboratory exercises. 
e fee: $850.00 


Registration fee includes course syllabus, 
continental breakfasts, coffee breaks, luncheons 
and an evening banquet. 


For information regarding registration call: 
Office of Continuing Medical Education 
(215) 928-6992 


For information regarding course content call: 
LOUIS D. LOWRY, M.D., PROGRAM DIRECTOR 
STEVEN R. CHESNICK, M.D., CO-DIRECTOR 
AT (215) 928-6784 
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tear out and mail to: 
THE USE OF THE CO: LASER 
FOR HEAD AND NECK SURGERY 
Jefferson Medical College 
Office of Continuing Medical Education 
1025 Walnut Street » Philadeiphia, PA. 19107 
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10th 
CARIBBEAN 
SYMPOSIUM 
IN ANESTHESIOLOGY 
AND RELATED FIELDS 


DECEMBER 4-8, 1985 
CARIBE HILTON HOTEL 
SAN JUAN, PUERTO RICO 


“THE SUBSPECIALTIES OF 
ANESTHESIOLOGY” 


For information write: 


Miguel Colón-Morales, M.D. 
G.P.O. Box 4547 

San Juan, Puerto Rico 00936 
(809) 758-9200 


24th CLINICAL CONFERENCE 
IN PEDIATRIC ANESTHESIOLOGY 


JANUARY 24, 25, & 26, 1986 


To Be Held At The: 
Los Angeles Marriott Hotel 
For information Write To: 


Wayne Herbert, M.D. 
Program Director 
Pediatric Anesthesiology 
Foundation 

Childrens Hospital of 
Los Angeles 

P.O. Box 54700 

Los Angeles, CA 90054 
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Classified Advertising 





PERMANENT POSITION WANTED 
CRNA—-experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 





EAST CENTRAL ILLINOIS 

Progressive 210 bed hospital seeking boarded 
Anesthesiologists. Attractive college town. 
Average 400 surgeries monthly. Send CV 
to Bill Rauwolf, SBLHC, Box 372, Mattoon, 
IL 61938. 








FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists-—-CRNAs/Home based 
throughout US. If you need an anesthetist 
call 800-521-6750, ALL-STATES MEDICAL 
PLACEMENT AGENCY, Box 91, LaSalle, 
MI 48145 or 313-241-1418 (MI). 








TRANS-AMERICAN ANESTHETISTS, WEST 
Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303/ 
598-2788 (CO). 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 








THE ELLIS FISCHEL STATE CANCER 
CENTER 

is searching for a Director of Anesthesiol- 
ogy. The director would be expected to 
provide general and regional anesthesia 
tor all types of cancer surgery. Teaching 
opportunities are available. Salary is com- 
petitive. Contact William G. Kraybill, MD, 
Chairman of Search Committee for Anes- 
thesiology, Ellis Fischel State Cancer Cen- 
ter, Columbia, MO 65201, or phone 314- 
875-2214. An equal opportunity employer. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 





LOUISIANA—BOARD CERTIFIED 
ANESTHESIOLOGISTS 

Louisiana State University School of Med- 
icine in Shreveport has immediate openings 
for faculty personnel in the Department of 
Anesthesiology. Academic rank commen- 
surate with education and experience. Ex- 
cellent financial and fringe benefits offered 
at all ranks. Shreveport, with a metropoli- 
tan area population of 350,000, has a pro- 
gressive, growing and expanding medical 
school with an extremely challenging high- 
risk patient population. An active trans- 
plant service is also in operation. Please send 
curriculum vitae and immediate reply to 
Norman H. Blass, Mp, Professor and Chair- 
man, Department of Anesthesiology, Lou- 
isiana State University School of Medicine, 
1501 Kings Highway, Shreveport, LA 71130- 
3932. An affirmative action/equal opportu- 
nity employer. 








LOYOLA UNIVERSITY STRITCH SCHOOL OF 
MEDICINE, 

Maywood, Illinois, located 10 miles from 
downtown Chicago in the western suburbs. 
The Department of Anesthesiology is seek- 
ing two faculty at the level of assistant or 
associate professor, depending on experi- 
ence and academic achievement. Candi- 
dates must be board certified with clinical 
and academic experience and interest in 
teaching. One position is for a cardiovas- 
cular anesthesiologist with experience in in- 
vasive monitoring. The second position is 
for a pediatric anesthesiologist with either 
board certification in pediatrics or fellow- 
ship, and at least 1-2 years of experience in 
pediatric anesthesia. Faculty rank, salary, 
and benefits are commensurate with ex- 
perience. Send curriculum vitae to T.L.K. 
Rao, MD, Chairman, Department of Anes- 
thesiology, Loyola University, 2160 S. First 
Avenue, Maywood, IL 60153. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Basic science emphasis. Call 415-321-1117, 
or reply to Box 1116, Menlo Park, CA 94026. 








CHAIRPERSON—DEPARTMENT OF 
ANESTHESIOLOGY 

The University of Nebraska College of Med- 
icine is conducting an active search for a 
Chairperson of Anesthesiology. Applica- 
tions are sought from board certified indi- 
viduals with established credentials in re- 
search and demonstrated leadership in ed- 
ucation. Interested applicants should sub- 


mit a curriculum vitae by October 15, 1985, 
to Leon F. Davis, pps, MD, Office of the 
Dean, University of Nebraska College of 
Medicine, 42nd Street and Dewey Avenue, 
Omaha, Nebraska 68105. The University of 
Nebraska is an affirmative action/equal op- 
portunity employer. 








NEW ENGLAND SEA COAST 

Group of anesthesiologists in medium-sized 
community hospital seek partner. Must be 
B/C (or B/E with fellowship). All surgeries 
except cardiac. Sea coast area of New Eng- 
land; easy access to recreational and cultural 
activities. Reply with CV to Box G16, % 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








ANESTHESIOLOGIST NEEDED 

BE/BC. Young staff, progressive hospital on 
beautiful shores of Western Michigan. All 
types of surgery except open-heart, no OB. 
Experience in pain management required. 
Salary negotiable. Send CV to M.J. Kilbride, 
bo, Muskegon General Hospital, 1700 Oak 
Avenue, Muskegon, MI 49442. 








UTAH 

The University of Utah seeks an anesthe- 
siologist who is board certified in anesthe- 
siology, preferably with a PhD in physiology 
or pharmacology for a position at the level 
of Assistant Professor. Candidates should 
be qualified in clinical care, have previous 
teaching experience, and be capable of in- 
dependent basic science research. Send cur- 
riculum vitae to K.C. Wong, Mp, Chairman, 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sited advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, orotherevents. 
Display space (minimum 14 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
tor classified advertising: $.90 per word, min- 
imum twenty words; box number ads $1.00 per 
word. Copy deadline 7 weeks prior to publi- 
cation, e.g., for the March issue, copy should 
be received by the Ist of January. Full payment 
or institutional purchase order must accom- 
pany the copy for each ad. Ads received with- 
out a check or purchase order will be returned. 
Ad copy, subject to acceptance by publisher, 
should be mailed to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

32 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc, 





Department of Anesthesiology, University 
of Utah, College of Medicine, 50 North 
Medical Drive, Salt Lake City, Utah 84132. 
Equal  opportunity/affirmative action 
employer. 








UTAH 

The University of Utah seeks an anesthe- 
siologist who is board certified/eligible in 
anesthesiology and who has completed a 
formal fellowship in pain. Opportunity to 
do clinical anesthesia, pain management, 
and research. Competitive academic salar- 
ies at the Instructor level. Send curriculum 
vitae to K.C. Wong, MD, Chairman, De- 
partment of Anesthesiology, University of 
Utah, College of Medicine, 50 North Med- 
ical Drive, Salt Lake City, UT 84132. Equal 
opportunity/affirmative action employer. 


POSITION NOW AVAILABLE 

for board certified/eligible anesthesiologist 
to join three-member incorporated group 
with CRNAs in a very progressive com- 
munity hospital. All types of procedures 
except open heart. Send CV to Box F23, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 





PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 


ANESTHESIOLOGIST 

Board certified anesthesiologist, 3~5 years 
experience for busy mid-west practice in 700- 
bed hospital. Send CV to Box H19, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 





WORLDWIDE ANESTHESIA 

is an exciting organization of anesthesiol- 
ogists and CRNAs who specialize in relief 
services and provide qualified candidates 
for permanent positions throughout the US. 
To be included in our computerized data 
base or to recruit from the nation’s largest 
resources of anesthesia personnel, call or 
write Worldwide Anesthesia, Box 1547, 
Ukiah, CA 95482. Nationwide 1-800-327- 
8427. “Over a decade of placement 
experience.” 








MISSOURI 

200-bed university pediatric hospital; 200 CV 
anesthetics/yr. 5500 anesthetics/yr. Full-time 
university faculty position includes mal- 
practice, life, disability, and health insur- 


ance and retirement fringe benefits. Mini- 
mum: one year fellowship in pediatric 
anesthesia. Send CV to John F. Schweiss, 
MD, Professor and Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 1325 South Grand Bou- 
levard, St. Louis, MO 63104. 


ANESTHESIOLOGIST 

to join a group of anesthesiologists and 
anesthetists in a college town in the North- 
east. One and one-half hours from a large 
city. No open heart or neurosurgery. Nearby 
skiing, hunting, and fishing. Immediate 
opening, but will wait for suitable candi- 
date. Send CV and references to Box F20, 
Ye Anesthesia and Analgesia, Desk Editorial, 
52 Vanderbilt Avenue, New York, NY 10017. 


NEW YORK: PEDIATRIC ANESTHESIOLOGIST 
Expanding Division of Pediatric Anes- 
thesia, Department of Anesthesiology, Co- 
lumbia University College of Physicians and 
Surgeons is seeking individuals with train- 
ing in anesthesia and pediatrics. Division 
responsibilities are in the operating room 
and intensive care unit. Applicants should 
possess excellent clinical and teaching skills 
as well as research interests. Interested in- 
dividuals should reply to Peter Rothstein, 
MD, Director, Division of Pediatric Anes- 
thesia, Box 62, Babies Hospital, 622 West 
168th Street, New York, NY 10032. Colum- 
bia University is an equal opportunity 
employer. 


BC UNIVERSITY-TRAINED AMG OBSTETRI- 
CAL ANESTHESIOLOGIST 

Presently in academic position looking for 
private practice position in OB anesthesia 
in NYC metropolitan area, Please respond 
to Box H20, % Desk Editorial, Anesthesia and 
Analgesia, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. Salary first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 








BC ANESTHESIOLOGIST 

American graduated and trained, 22 years 
experience in all types of anesthesia includ- 
ing OPD and administration. Seeking po- 
sition in Ohio but will consider other states. 
Will work with CRNAs. Send replies to Box 
H21, % Desk Editorial, Anesthesia and An- 
algesia, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 


THE DEPARTMENT OF ANESTHESIOLOGY, 
ORAL ROBERTS UNIVERSITY SCHOOL OF 
MEDICINE 

currently has openings for Assistant/Asso- 
ciate Professor with interests in teaching, 
clinical practice and research. Excellent op- 
portunity for board eligible/board certified 
physician in an institution dedicated to phi- 
losophy of Whole Person Medicine. Rank 
and salary commensurate with qualifica- 
tions and negotiable. The City of Faith Med- 
ical and Research Center is a Christian min- 
istry that employs without regard to race, 
color, sex, age, handicap, national origin or 
status as a veteran. Send CV and names of 
three references to James Mayhew, MD, 
Chairman, Department of Anesthesiology, 
Oral Roberts University School of Medicine, 
City of Faith Medical & Research Center, 
8181 South Lewis, Tulsa, OK 74137-1270. 


TEXAS: PEDIATRIC ANESTHESIOLOGIST 
Excellent opportunity available for BC/BE 
pediatric anesthesiologist with minimum one 
year pediatric fellowship. Be second person 
in exciting practice serving two children’s 
hospitals. Experience in pediatric cardiol- 
ogy, PICU, NICU or pulmonology helpful. 
Hospitals offer all subspecialities. Must be 
eligible for Texas license (FLEX required). 
Benefits include competitive salary, mal- 
practice, profit sharing leading to partner- 
ship. If living in a city filled with cultural, 
recreational, and academic facilities while 
practicing in two of the SW’s finest hospi- 
tals appeals to you, submit a CV with three 
references to Search Director, PO Box 2138, 
Fort Worth, TX 76113. 





ANESTHESIOLOGY FELLOW 

Two openings for 1-yr obstetrical anesthesia 
fellowship, one beginning January 1986 and 
the other, July 1986. Program includes 6 
months each in the Departments of Anes- 
thesiology at UCI Medical Center and Me- 
morial Hospital Medical Center, Long Beach. 
Both are Level 3 Perinatal Centers with 4000 
deliveries per year. there is opportunity to 
take part in clinical research and teaching 
of medical students. Applicants must be el- 
igible for California state licensure. Inquir- 
ies from all qualified applicants are wel- 
come. Contact Ho Joon Choi, MD, Director 
of Obstetric Anesthesia, University of Cal- 
ifornia, Irvine Medical Center, 81A, Orange, 
CA 92668. 


ANESTHESIOLOGIST 

Male, five years of practice, experience in 
all types and techniques of anesthesia with 
a strong surgical background. Seeking full- 
time position. All offers considered. Reply 
to Box J21, % Desk Editorial, Anesthesia and 
Analgesia, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 


WEST VIRGINIA UNIVERSITY 


Seeking neuroanesthesiologist, pediatric anes- 
thesiologist, and obstetrical anesthesiologist. Ac- 
ademic rank commensurate with credentials. 
Competitive salary. Applicants must have four 
postcoctoral years of training, including Clinical 
Base, Clinical Anesthesia and a Specialized 
Year. Applicants must have interest in clinical 
and didactic teaching of residents and medical 
students. New Hospital under construction. Mor- 
gantown is an excellent outdoor recreational 
community. West Virginia University is an Affir- 
mative Action/Equal Opportunity Employer. 


Please reply with resume to: 


Richard W. Eller, M.D., Chairman 
Department of Anesthesiology 
WVU Medical Center 
Morgantown, WV 26506 


CBE STYLE MANUAL 
Fifth Edition 


A guide for Authors, Editors, and Publishers in 
the Biological Sciences 

Widely accepted and recommended as the 
standard reference for journals and books in the 
biological sciences 





Special features of this newly updated and greatly expanded edition include: 
“* four new chapters: * complete revision of the section 


+ reorganization of the *‘Manuscript on ‘*Plant Sciences”; 
Preparation’ section for easier * cross-listing of ‘Abbreviations 
reference: and Symbols"; 

* new conventions in the chapter on 
“Style in Special Fields’; and much more . 


CONTENTS: Ethical conduct in authorship and publication * Planning the 
communication © Writing the article ® Prose style for scientific writing ® 
References © [llustrative materials ¢ Editorial review of manuscripts + 
Application of copyright law + Manuscript into print * Proof correction ® 
indexing * General style conventions ® Style in special fields + Abbreviations 
and symbels ¢ Word usage © Secondary services for literature searching + 
Useful references with annotations @ Subject index 


ISBN: 0-914340-04-2; clothbound: publication date: September 1983; trim 
size 6 x 9 inches; 324 pages 


Regular Price; $24.00 (10% discount on 10 or more copies delivered to one 
address} 
CBE Member Price: $21.50 (single copy paid by personal check) 


Terms af Šale: Ail sales final: no returns. 
Prepayment required; U.S. currency drawn on a U.S. bank. 
Price includes BOOK RATE postage. 
For faster delivery--first class, air mail, or UPS available at additional 
charge (book weight 1 ib 9 oz). 
Maryland residents, please add 5% sales tax. 


Mail your order with payment to: 
COUNCIL OF BIOLOGY EDITORS, INC. 
9650 Rockville Pike, Bethesda, MD 20814 


ANESTHESIOLOGISTS 


St. Vincent Medical Center's Anesthesia 
Department is ee We are seeking 2 board 
certified or board eligible anesthesiologists to join 
an 8 member BC/BE group with 15 CRNA's. 


You will need 3 to 5 years experience with all types 
of anesthesia and intra-monitoring techniques. 


St. Vincent is a 741-bed community teaching 
hospital with full surgical facilities, including 
neurological, open heart, retinal, vascular, 
obstetrical, plastic, as well as ambulatory 
outpatient surgery. 


Located in one of Ohio's newest cities, Toledo 
boasts of spectacular waterfront developments, 
an art museum, symphony, theater and zoo rated 
among the top ten in the country. fine restaurants 
and shopping centers. In addition, year-round 
sports facilities are available along with spectator 
sports such as baseball and hockey. 


For immediate consideration, please send your 
C.V. and a cover fetter to: Lynn Scott, Manager 
Recruitment ea 


WY 


St. Vincent Medical Center 
2213 Cherry St. ¢ Toledo, OH 43608 


An Equal Opportunity Employer 


ANESTHESIA 
STAFFING 
CRISIS 


CALL 1-800 FAST GAS (327-8427) 
24 HOUR HOT LINE 


THE NATION'S LARGEST PROVIDER OF 
PROFESSIONAL ANESTHESIA PERSONNEL 


ANESTHESIOLOGISTS ¢ CERTIFIED REGISTERED NURSE 


ANESTHETISTS e EMERGENCY AND SCHEDULED RELIEF » LOCUM 
TENENS $ CONTRACT MANAGEMENT * PERMANENT RECRUITING + 


Worldwide Anesthesia Associates, Inc. 





P.O. Box 1547 @ UKIAH, CALIFORNIA 95482 e U.S.A, 


Aas 
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CHOICE 


No two patients, no two phy- 
sicians, no two procedures are 
alike. Why should two trays be? 
We understand your need 
for versatility of product selec- 
tion, and in response, we’ve 
designed our new Custom 
Catheter Insertion ‘Tray Pro- 
gram. Now, you have a choice. 
You can create your own 
trays from our full line of com- 
ponents. And once we receive 


> American Hospital Supply Corporation 


Introducing 
the Pharmaseal’ Custom Catheter 
Insertion Tray Program 


your order, we'll deliver your 
custom trays in just 45 days. 
That’s uncustomarily fast. 

Working closely with your 
Pharmaseal representative, you 
can design the ideal trays for 
your pulmonary artery and 
central vein catheterization 
procedures. 

Choose from over 165 high 
quality components, including 
a wide range of catheters and 
catheter components. Select 
local anesthetic, prepping and 
guiding components, and 


much more. 


American Pharmaseal Company 


The Pharmaseal Custom 
Catheter Insertion Tray Pro- 
gram. Make it your first choice 
for all your needs. 

For more information, 
contact American Pharmaseal 
Company, P.O. Box 5900, 
Valencia, CA 91355-8900. 

Or call toll-free 1-800-242-3549. 


American Hospital Supply Corporation 
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Because the | 
longer procedure raises 


the surgical risk... 





PAVU LON 


(pancuronium bromide injection) 


Your best choice for 60-plus minutes of dependable relaxation... 
in every type of patient 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Please see preceding page for brief summary of prescribing information. 








PAVULON” 
ipancuronum bromide injection | 


BRIEF SUMMARY 
{Please coasul’ package insert for full prescribing information| 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 
FAMILIAR WITH ITS ACTIONS. CHARACTERISTICS AND HAZARDS 






ACTIONS: Pavulon is a non-depolanzing neuromuscular blocking agent possessing ali of the 
charactersstc pharmacological actions of this class of drugs (curardorm| on the myoneur a! 
qunction 

Pavulo. (pancuronium bromide) is antagonized by acetylcholine. anticholinesterases. and 
potassium lor. its action is increased by inhalational anesthetics such as halothane, diethyl ether. 
enflurane and methoxyflurane. as well as quinine. magnesium Salts. hypokalemia. some carcin- 
omas, and certain antibiotics Such as neomycin. streptomycin, chnadamycin, kanamycin, gentaru- 
cin and bacitracin The action of Pavulon may be altered by dehydration. electrolyte imbalance. 
acid-base sntalance. renal disease. and concomitant acmuustration of other neuromuscular 
agents. 


CONTRAINDICATIONS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug of tc the bromide on. 


WARKINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS. WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION, 
OXYGEN THERAPY. AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

in patients who are known to have myasthenia gravis small doses of Pavulon may have 
profound effects. A peripheral nerve stimulator is especially valuable in assessing the effects of 
Pavulon i such patients 


USAGE IN PREGNANCY: The safe use of pancuranium bromide has not been established with respec 
to the possible adverse effects upon fetal development Therefore. it should not be used in wome: 
of childbearing potential and particularly during early pregnancy unless im the judgment of the 
physician the potential benefits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean section). but reversal of pancuroniurm 
may be uisatistactory in pafients recerving magnesium sulfate for toxemia of pregnancy. becaus 
magnesium salts enhance neuromuscular blockade Dosage should usually be reduced. as 
indicated in such cases 


PRECAUTIONS. Although Pavulon has been used successfully m many patients with pre-existing 
pulmonary, hepatic. or renal disease. caution should be exercised in these sttuations This 1s 
particula‘ly true of renal disease since a major portion of administered Pavulon is excreted 
unchanged in the urine 


ADVERSE REACTIONS: Neuromuscular the mast frequently noted adverse reactions consist pri 
marily of an extension of the drugs pharmacological actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonge 
skeletal muscle relaxation resulting in respiratory insufficiency Gt apnea inadequate reversal of 
the neurcmuscular blockade by anticholmesterase agents has aiso been observed with Pavulon 
(pancuromum bromide) as with all curariform drugs. These adverse reactions are managed by 
Manual o mechanical ventiation unti! recovery is judged adequate. 

Cardievaseular. A sight increase in pulse rate is frequently noted 

Gastromtestinal: Salivation is sometimes noted during very light anesthesia, especially if ac 
anticholinergic premedication is used. 

Skin. An accasional transient rash is noted accompanying the use of Pavulon 

Respiratory. One case of wheezing. responding to deepening of the inhalational anesthetic. has 
been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon is increased in 
patients ‘eceving potent volatile mhalational anesthetics such as halothane, diethyl ether. 
enflurane and metnoxytiurane 

Prior admaustration af succmyicholme. such as that used for endotracheal intubation, 
enhances the relaxant effect of Pavulon and the duration of action If succinytcholine is used 
before Pavulen, the administration of Pavulon should be delayed until the succinyicholine shows 
signs of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the supervision of 
experienced clinicians. DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See package insert tor 
suggested dosages. - 


CAUTION: Feceral law prohibits dispensing without prescription 


HOW SUPPLIED: 
2 mi ampuls—2 mg./mi -boxes of 25 NDC 0052-0444 -26 
5 mi. ampuls—2 mg./mi.—boxes of 25. NDC #0052-0444-25 
10 mi viais~1 mg/m —boxes of 25. NDC #0052-0443-25 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
West Orange, N.J. 07052 





IARS REVIEW COURSE 
LECTURES AVAILABLE 





____ 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


___ 1983, 57th Congress—16 Review 
Course Lectures—$5.00 


____ 1982, 56th Congress—14 Review 
Course Lectures—$5.00 


To: 
International Anesthesia Research Society 
3645 Warrensville Center Road 


Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to IARS in the amount of 








$$ _ is enclosed. 
(Name) 
(Mail Address) 








(City, State, Zip) 


Al 


AZ 


IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the TARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting; Educational 
Members pay no registration fee. 


...+ MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $45.00 U.S.; $55.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 





Please send me .____. application(s) for: Membership ( ) 
Associate Membership (____) 
Educational Membership (_____.) 


Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 
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Editorial Board 


Editor in Chief 
Nicholas M. Greene, MD, New Haven, Connecticut 


Editors 


David R. Bevan, MA, MB, BChir, 
Montreal, Quebec, Canada 
D. Ryan Cook, MD, Pittsburgh, Pennsylvania 
Michael J. Cousins, MD, FFARACS, FFARCS, Adelaide, 
South Australia 
Benjamin G. Covino, PhD, MD, Boston, Massachusetts 
Norig Ellison, MD, Philadelphia, Pennsylvania 
Mieczyslaw Finster, MD, New York, New York 
Alison B. Froese, MD, Kingston, Ontario, Canada 
Edward D. Miller JR, MD, Charlottesville, Virginia 
Daniel M. Philbin, MD, Boston, Massachusetts 
Cedric Prys-Roberts, MA, DM, PhD, 
Bristol, United Kingdom 
J. Gerald Reves, MD, Durham, North Carolina 
John H. Tinker, MD, Iowa City, lowa 
K.C. Wong, MD, PhD, Salt Lake City, Utah 


Book Review Editor 


Norig Ellison, MD, Philadelphia, Pennsylvania 


Editorial correspondence and manuscripts should be addressed to: 
NICHOLAS M. GREENE, mp, Editor in Chief, Anesthesia and An- 
algesia, Yale University School of Medicine, 333 Cedar Street, New 
Haven, Connecticut 06510 (Telephone: 203-785-4703). For infor- 
mation concerning preparation of manuscripts see “A Guide for 
Authors” published quarterly in the Journal. All articles published 
in this Journal become the property of the International Anesthesia 
Research Society. Reproduction in whole or part is not permitted 
except by written consent of the publisher and the author. 


Books for review should be sent directly to the Book Review Editor, 
NORIG ELLISON, mop, Department of Anesthesia, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104. 


Reprints: For single copies, write directly to the senior author at 
the address listed on the title page. Quantity orders (minimum 100) 
processed through ELSEVIER SCIENCE PUBLISHING CO, INC, 
52 Vanderbilt Avenue, New York, NY 10017, prices on request. 


Telephones: (216) 295-1124 or 295-1130 


The International Anesthesia Research Society is a nonprofit, scientific, and 
educational corporation in the state of Ohio. Members of the Board of Trust- 
ves of the Society are: Douglas B. Craig, mp. Bruce F. Cullen, mo, E. Paul 
Didier, MD. Judith H. Donegan, Mp. pho. Noel W. Lawson, Mb, John T. Mar- 
tin, MD. Emerson A. Moffitt, Mp. Dean H. Morrow, mp, Robert K. Stoelting, 
Mp. and John L. Waller, mp. Emeritus Trustees are: Paul R. Dumke, mp. 
Kenneth K. Keown, mp, Morris T. Nicholson, mp, B.B. Sankey, mD, and T. H. 
Seldon, MD. 


Anesthesia and Analgesia (ISSN 0003-2999) is issued monthly for the IARS in 
one indexed volume per year by Elsevier Science Publishing Co, Inc, 52 
Vanderbilt Avenue, New York, NY 10017. Printed in USA. © 1985 Inter- 
national Anesthesia Research Society. Second class postage paid at New 
York, NY and at additional offices. 


Subscription information for 1985 applying to LARS members: USA and pos- 
sessions, $45.00 per year, in all other countries $55.00. Membership is avail- 
able to individuals with doctorate degrees in medicine, osteopathy, dentistry, 
veterinary medicine, or other disciplines who are engaged in active clinical 
practice of or research in anesthesiology. ASSOCIATE MEMBERSHIP is available 
to individuals certified, licensed, or accredited in anesthesia-related profes- 
sions (CRNA, CRTT, RRT, Physician Assistant), EDUCATIONAL MEMBERSHIP 
(half the full member price) is available to interns, residents, students in 
nurse anesthesia and related training programs, for a 2- or 3-year period 
only upon completion of application including certification by applicant's 
program director. 


All membership payments and correspondence regarding LARS member sub- 
scriptions should be sent to: Emerson A. Moffitt, mp, Executive Secretary, 
International Anesthesia Research Society, 3645 Warrensville Center Road, 
Cleveland, Ohio 44122. 


Subscription information for 1985 applying to non-IARS members: Institu- 
tions, $90.00. Outside of the USA and possessions, please add $10.00 for 
surface postage and handling. For airmail, add $38.00 in USA, Canada, and 
Mexico, $22.00 for surface airlift to Europe, $34.00 for surface airlift to Japan, 
and $88.00 for airmail to the rest of the world. Postmaster: Send address 
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PRELIMINARY MEETING INFORMATION 


Program/Registration Mailing: The preliminary program, with daily schedule of presentations, will be sent 
out in mid-December to all IARS members. This will include registration card, hotel card, social activities 
and spouse program. (TARS members outside of North America who plan to attend the meeting can receive 
this material by airmail upon request.) Non-LARS members who wish to receive meeting/membership 
information should contact the Cleveland office. 


Schedule: Registration: Saturday, March 15—1-—S pm (continues daily) 
Scientific Program: Sunday, March 16, through Wednesday, 
March 19 
Exhibits: Sunday, March 16, through Tuesday, March 18 


Program: e T.H. Seldon Distinguished Lecture—Dr. J. Alfred Lee, Essex, 
England 
e 26 Review Course Lectures 
e Panels: Outpatient Anesthesia, Cardiovascular Anesthesia 
* Over 100 Scientific Papers 
e Scientific Poster Presentations 
¢ Theme Luncheon Sessions 
e Scientific Exhibits 


Technical (Commercial) Exhibits: Including a number of company sponsored Product Seminars 

Spouse Program: “Effective Tax Strategies” Seminar; area tours and other activities 
and presentations of interest. 

Reduced Air Fare: A special discounted fare will be available through United Airlines 
for IARS registrants. 


CME Credit: AMA/ACCME masa, 1 (31 hr, est.) AANA credit to be confirmed. 





SCIENTIFIC EXHIBITS: Applications for scientific exhibit space are available from the IARS office. There 
is no absolute deadline for submission of applications. However, availability of space in the exhibit area will 
be a factor in considering applications received after January 1, 1986. 


ARTS AND CRAFTS EXHIBIT: Responding to interest expressed by a number of members, the [ARS will 
for the first time include an arts and crafts exhibit at the 1986 meeting. If you or your spouse would like to 
enter your personally done art or craft work, the rules and entry blanks are available from the Cleveland office. 
The deadline for entry is January 31, 1986. 


International Anesthesia Research Society Tel: (216) 295-1124 
3645 Warrensville Center Road, Cleveland, OH 44122 


(ss ) Please send rules and entry blank for Arts and Crafts Exhibit. 
(+. ) Please send application for Scientific Exhibit space. 


(Name) uu 
(Mail Address) uu 
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Continuous 0,/CO, 
Monitoring Report #4 


Subject: Simple, low-cost pulse 
oximetry monitoring for timely 
hypoxemia detection. 


Pulse oximetry is a noninvasive tech- 
nique for assessing patient 
oxygenation. 

An oximeter determines percentage 
hemoglobin saturation by measuring 
the absorbency of two different wave- 
lengths of light passed through a 
pulsating arterial vascular bed. By 
comparing the ratios of the pulse 
amplitudes from each light, SaO, may 
be calculated under a wide range of 
hemodynamic conditions. 

The use of pulse oximetry during rou- 
tine anesthesia allows early recog- 


and the unit performs a 


Pulse Oximetry 
NOVAMETRIX 500 


Accurate and reliable, pulse oximetry represents a significant 
advance in anesthesia monitoring. In designing the Model 500 
Pulse Oximeter, Novametrix retained the accuracy and reliability 
of earlier units, but added two vital elements: ease of use and 
low cost. 
The microprocessor-controlled Novametrix 500 Pulse 
Oximeter needs no cali- 
bration or warm-up. Its 
digital electronic cir- f 5 
ois is entirely main- “The Novametr IX 500 IS 
tenance-free. a simple, inexpensive 
Setup is fast. Just means of monitoring 


push the power switch i; 
oxygenation to reduce 


nition of hypoxemia permitting quick 
response to improve oxygenation. 


quick self-diagnostic 
check. Then the 500’s 
programmed menu quick- 
ly helps you set the high 


the incidence of anes- 
thetic mishap during 
routine procedures.” 


and low SaO, and pulse 
rate limits. Once the 
limits are set they are 
constantly visible. And the Novametrix 500 keeps them in 
memory indefinitely—for weeks or even months—until you 
decide to change them. 

Operation is just as simple, with easy-to-read displays of O, 
saturation and pulse rate. A message center displays a bar graph 
of pulse amplitude as well as providing specific information 
regarding any alert condition. In addition, there’s an audible 
pulse signal that changes in tone—up or down to reflect changes 
in SaO,—so you can keep your eyes on the patient. 

The Novametrix 500 Pulse Oximeter is small, lightweight 
(under 10 Ibs.), and operates for a full 20 hours on a single battery 
recharge. (Not just an hour or two of battery backup power like 
most other oximeters.) 

Novametrix finger, ear, and versatile flexible sensors are small, 
ruggedly built, and designed for easy applica- 
tion to patients of all ages. And Novametrix’ 
unique selectable response time eliminates 
false alerts due to motion artifact. 

For full technical details—and the 
surprisingly low price—write Novametrix 
Medical Systems Inc., 1 Barnes Industrial 
Park Road, P.O.Box 690, Wallingford, CT 
06492. Or call us toll-free at 1-800-243-3444. 


Pulse Oximetry. 

End Tidal CO,. 

Transcutaneous O,/CO.. 

Three technologies...one source. 





Introducing STRAPEZE” 





While others slip and slide all over the place, 
we've made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient’s airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 


Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam II®, a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambs-wool. 


So easy to apply 
The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and, security to endotracheal 
tube placement. And there’s nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient's 
neck, loop around tube and fasten with 
the Velcro tab back onto the strap’s 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it won't 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 

ProTechPacific 
STRAPEZE was designed to answer 
the demanding needs of today’s medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
example of ProTech Pacific's ongoing 
commitment to your profession. 
STRAPEZE. New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


US. Patents pending 


ProfechPacific 


122] Andersen Drive 

San Rafael, California 9490] 
Call Toll Free: 800/227-0517 
In Calif, 415 1459-0745 


Manufacturers of Protective Medical Products 


Continuous 0,/CO, 
Monitoring Report #2 

: Cost-effective capno- 
graphy for the OR; calibration 
and condensation problems 
solved. 


The measurement of end tidal car- 
bon dioxide by a modern on-line 
analyzer provides a close approx- 
imation of alveolar partial pressure 
of CO,. 

Continuous measurement of 
ETCO, in the OR allows up-to-the- 
minute assessment of the ade- 
quacy of ventilation, and assists in 
the timely diagnosis of intraopera- 
tive problems or metabolic trends 
allowing early intervention to pre- 
vent adverse oufcome. 


~~ Capnogard 1250 End Tidal Monitor. 


End Tidal CO, 
NOVAMETRIX 1250 


Capnography in the OR used to mean long warm-up periods, 
tedious calibration sessions, and a constant struggle to keep the 
sampling circuit clear of moisture. 

Thanks to microelectronic technology, this is no longer the 
case. And none of the newer ETCO, monitors use this 
technology better than 
the Novametrix 1250. 

But while the elec- “An end tidal 
tronics of the Cap- monitor you 


nogard™ 1250 are com- 


plex, they actually make dont need 
the monitor simpler to to calibrate? 


use. Push the system 

power switch and the Yes. The 

unit is up and monitor- 

ing in less than two Capnogard 1250 
minutes. Anditsinnova- from Novamebfrix.” 
tive microprocessor con- 

trol system keeps it that 

way, ensuring continuous reliable operation. 

The designers of the Capnogard noted how moisture prob- 
lems overwhelmed the water traps of even the best end tidal 
monitors. So they developed a dehumidification interface kit with 
a semipermeable tube drying system and a built-in disposable 
particulate filter. Then they incorporated a front panel accessible 
sample chamber that could be manually cleared in under a 
minute right in the OR. Moisture a problem with your end tidal 
monitoring? Not if you’re using the Capnogard 1250. 

And, thanks to the 1250’s unique auto-zeroing system, you can 
forget about time-consuming daily calibration sessions. (Semi- 
annual reverification of calibration is recommended.) 

Unlike many CO, analyzers, the 1250 was designed with the 
OR in mind. So you'll find features like direct measurement of 

N.O; automatic and continuous N,O com- 
pensation; large LED readouts; apnea alert; 
two-minute silence, audio off, and alert reset 
buttons; sample exhaust for gas scavenging; 
and analog outputs for recorder and scope 
displays. 

For details on the Capnogard 1250—and its 
surprisingly low price—write Novametrix 
Medical Systems Inc., 1 Barnes Industrial 
Park Road, P.O. Box 690, Wallingford, CT 
06492. Or call us toll-free at 1-800-243-3444. 


Pulse Oximetry. 

End Tidal CO,. 

Transcutaneous O,/CO,. 

Three fechnologies...one source. 
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Geriatricians, internists, cardiol- 
ogists, rheumatologists, psychiatrists, 
endocrinologists, family practi- 
tioners, and others who treat older 
patients relv on Journal of the 
American Geriatrics Society for 
up-to-date information on all 
aspects of geriatric health care. 


Journal of the American Geriatrics Society is 
abstracted/indexed in Index Medicus, Current 
Contents, Science Citation Index, Automatic 
Subject Citation Alert, Social Sciences Citation 
Index, and ISI/Biomed. 

1985 Subscription Information: 


Journal of the American Geriatrics Society 
Volume 33, 12 issues, 1985 

Personal Rate: $50.00 

Institutional Rate: $55.00 


Subscribers outside the U.S. and U.S. possessions 
should add $15.00 for surface delivery or $30.00 
for air mail delivery. Sample copies are available. 


, management 
include: e Clinical Experience 
¢ Medical Ethics and practical solutions to common 
Humanities 


thought-provoking viewpoints delivery 


problems in geriatric health care 


Elsevier 


ORDER FORM 

Journal of the American Geriatrics Society 

Volume 33, 12 issues, ISSN 0002-8614, 1985 

Please enter my subscription at the Institutional Rate of $55.00 
Please enter my subscription at the Personal Rate of $50.00 
Please send me a free sample copy. 











Subscribers outside the U.S. and U.S. possessions should add $15.00 for surface 
delivery or $30.00 for air mail delivery. 


Payment 
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in North and South America: 


Elsevier Science Publishing Co., Inc. 
PO. Box 1663, Grand Central Station, New York, NY 10163 


in the rest of the world: 

Elsevier Science Publishers, Direct Mail Department 

P.O. Box 211, 1000 AE Amsterdam, The Netherlands 

Note: Send subscription orders to either your usual supplier or the New 


York address. All subscriptions begin with the first issue of the calendar year. 
Subscription rates valid through Dec. 31, 1985. 7/85 EB329 
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Subject: Compact, easy-to-use fs 
eaa A NOVAMETRIX 814 
Along with a growing recognition of the usefulness of 
“P,.O, is a useful variable continuous gas monitoring during surgery came the need 
because it is a noninvasive for a cost-effective P,.O, monitor suitable for routine use on 
‘global’ monitor of patient patients in the OR. The Novametrix 811 monitor meets 
oxygenation. It can give an early that need 
warning of decreasing oxygen Simpli 'it : k 
delivery, thus allowing the eee ne ee ~ â 
treatment of impending hypoxia feature of the “The Novametrix 
before it occurs.” ' ovametrix 811. Acti- P | x 
"P.O; monitoring proved also to vato = meron pom 811 is the first 
act as an early warning | (cn, | o 
for impending hypoxemia and matic air calibration tr anscutaneous 
amodha corpos, button, and you're monitor to deal 
Harari eee or ready to monitor. h s 
rerape tention. And Novametrix With the special 
1 Barker, S. M.D., Ph.D. and Tremper, K. M.D., Ph.D. knows that space is F 
auna of neo Montonng 7 snows that Space ws requirements of 


all OR patients.” 


OR, so the 811 is 
compact and can be 
equipped for pole 
mounting. The 811 is also a true portable transcutaneous 
monitor, and may be operated on AC power or on its 
rechargeable gel cell for up to eight hours between 
recharges. 

An eight-position temperature selection switch offers a 
choice of sensor temperatures for operation. Visual display 
of both actual and selected temperature provides reassur- 
ance of proper sensor operation. And while we're talking 
about sensors, remember that Novametrix sensors are 
recognized for their rugged construction and durability, so 
you Can count on their withstanding the occasional rough 
handling they'll receive in the OR. 

For complete information on the Novametrix Model 811 
Transcutaneous O, monitor, along with details on its 
surprisingly low price, call us toll-free at 
1-800-243-3444. Or write Novametrix 
Medical Systems Inc., 1 Barnes Industrial 
Park Road, P.O. Box 690, Wallingford, 
CT 06492. 





Pulse Oximetry. 

End Tidal CO,. 
Transcutaneous O,/CO,. 
Three technologies...one source. 
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As safe 

as albumin or PPF 

In comparative clinical studies, platelet 
courts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). +? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
loac when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 





systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.° 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.° 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
Zation,'’ and hemorrhagic, traumatic, 
or septic shock.**” 
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No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter.!: 7 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients!’ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 


of albumin or PPF 

Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 


Phone 1-800-323-4980. 


Lifesaving, 
moneysaving 





HESPAN 


(hetastarch) 


American Hospital Supply Corporation 


Please see references and brief summary of , 
prescribing information on following page. 


Al4q * 
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HESPAN (hetastarch 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 
CONTRAINDICATIONS 
Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal failure with oliguna or anuria. 
WARNINGS 
Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient proion- 
gation of prothrombin, partial thromboplastin and clotting 
times. With administration of large doses, the physician 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 
Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch. 
Usage in Leukapheresis: Significant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated leukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values. 
Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregnancy, 
uniess in the judgment of the physician the potential bene- 
ts outweigh the potential hazards. 
Usage in Children: No data available pertaining to use in 
children. 
The safety and compatibility of additives have not been 
established. 
PRECAUTIONS 
The possibility of circulatory overload should be kept in 
mind. Special care should be exercised in patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestive 
heart failure is increased. Indirect bilirubin levels of 
0.83 me% (normal 0.0-0.7 mg%) have been reported in 
2 out of 20 normal subjects who received muitiple heta- 
starch infusions. Total bilirubin was within normal limits at 
ail times; indirect bilirubin returned to normal by 96 hours 
following the final infusion. The significance. if any, of these 
elevations is not known: however, caution should be 
observed before administering hetastarch to patients with 
a history of liver disease. 
Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
hetastarch use during jeukapheresis. Studies should 
include CBC, total leukocyte and platelet counts, leukocyte 
differential count, hemoglobin, hematocrit, prothrombin 
time {PT}, and partial thromboplastin time (PTT). 
Hetastarch is nonantigenic. However, allergic or sensitivity 
reactions have been reported (see ADVERSE REACTIONS). 
if such reactions occur, they are readily controlled by dis- 
continuation of the drug and, if necessary, administration of 
an antihistaminic agent. 
ADVERSE REACTIONS 
The following have been reported: vomiting, mild tempera- 
ture elevation, chills, itching, submaxillary and parotid glan- 
dular enlargement, mild influenza-like symptoms, head- 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting of peri- 
orbital edema, urticaria, and wheezing. 
HOW SUPPLIED 
NDC 0094-0037-05-Hespan* (6% Hetastarch in 0.9% 
Sodium Chloride Injection} is supplied sterile and nonpyro- 
genic in 500 ml intravenous infusion bottles. 





CAUTION 
Federal (U.S.A) law prohibits dispensing without pre- 
scription, Rev: Feb., 1982 
Distributed by 
: as American Critical Care 
$999: American Hospital Supply Corporation 
as McGaw Park, IL USA 60085 
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SIEMENS 


Introducing the Servo Anesthesia System 
The advanced anesthesia system 
for pediatric and adult patients. 


Sm: Now there's one highly versatile anesthesia system 


as 3 
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= designed for routine and critical care cases involving 
Se Pediatric as well as adult patients. It’s the new Servo 


z, 


ch 


m=) New versatility and efficiency in the OR 
- a ator, offering the 


ee Spontaneously with the assistance of a pre- 

10] E determined pressure. The system continuously 

= monitors all important functions and provides 

= instantaneous readings and audible/visual alarms. 


T Advanced monitoring interface 
= The Servo Anesthesia System interfaces with a 
= broad range of exclusive, innovative monitoring 
wee, systems, including the CO2 Analyzer 930, the Lung 
= Mechanics Calculator 940 and the Sirecust 404. 


= New ease of maintenance 

wees You're assured of quality performance with a 

= minimum of maintenance. The system requires only 

Se Minimal servicing; the costs are extraordinarily low. 
Se And best of all, most maintenance is easily per- 

i See formed right on site by members of your own staff. 

| No costly off-site service! 


And you’re further assured of immediate 
| professional assistance, if necessary, from your 
5 BE Sea Siemens sales and service representatives. It’s all 4 
rs 2 | ES aN Nee | part of the Siemens commitment to superior L 
Koi y — i = Í products and systems for healthcare 7 
professionals and their patients. 


| For further information, contact S 
Siemens-Elema Ventilator Systems, 7 : 
| 2360 No. Palmer Dr., Schaumburg, S 
= illinois 60195—(312) 397-5975, or 2 
eee Call toll-free 1-800-323-1281. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY IARS ANESTHESIA ADVANCEMENT AWARD 


The B.B. Sankey Anesthesia Advancement Award has been established to 
expand upon and replace the [ARS Research Award. This new award is 
intended to foster investigative efforts in the fields of anesthesia research, 
clinical care, education and administration. 


The recipients of the 1985 Sankey Anesthesia Advancement Awards are: 


Roger S. Brett, MD, PhD, State University of New York, Stony Brook, 
New York 
Patrick Curling, Mb, Emory University School of Medicine, Atlanta, Georgia 


Richard F. Davis, MD, University of Florida College of Medicine, Gainesville, 
Florida 


1986 B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


Applications for up to $25,000 are invited for the 1986 Award, subject to the following basic 
conditions: 
- The proposal must be within the general field of anesthesiology and may be for research, 
clinical care, education or administration. 


- The applicant must be a member of the International Anesthesia Research Society. 


- Applications must be received in the [ARS Cleveland office not later than December 16, 
1985. 


- The official application form for the award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


Emerson A. Moffitt, MD 
Executive Secretary 
International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122, USA 

Telephone: (216) 295-1124 


The 1986 Award(s) will be announced at the Annual Meeting (60th Congress) of the 
International Anesthesia Research Society to be held at Caesars Palace, Las Vegas, Nevada, 
March 15-19, 1986. 
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The Versatile Anesthetic 





A hypotensive agent for craniotomy and clipping of aneurysms 


Isoflurane may be used as both anesthetic 0.5% 4% 2% 0.25% 0.5% 
and hypotensive agent, providing for pre- | enna ie Ok, 
cise control of blood pressure throughout 
procedures such as clipping of cerebral 

aneurysms. ! : 


Blood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean blood Up during the 
normotensive rety was 70 mm Hg and 40 mm Hg during the 
hypotensive phase.!1 


200 mm Hg 
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Control of intracranial pressure for craniotomy 

and excision of space-occupying lesion 

Isoflurane causes no increase in intracranial pressure (ICP) when 


PaCO, is controlled at 25-30 torr, and ICP may be readily lowered 
during surgery by decreasing PaCO.,.? 


























i j Tr fh ith either isofl haloth 
Control of hypertension during anesthesia In patents undergoing coronary aary bypass surge 
coronary artery bypass surgery PEE iia 
i ‘ : Mean arterial pressure Systemic vascular resistance 
Control of intraoperative hypertension may (mmHg) (dynes-sec-cm®) 

° a ° r 1307 A SS =] 2500 = r T io 
be achieved with isoflurane by lowering | | | 
peripheral vascular resistance (left ventric- a 7 ; 
ular afterload) generally without depress- Mea is 7 | “A ; 

; z ; 4 2000 ~ 3 |- 
ing stroke volume or increasing heart rate. 100 + FA + EF Si 
‘ unas , | /, a aM 
These effects can be of particular benefit in 04 4 | ve 
: ‘ z r | T | a 3 
patients with compromised left ventricular ad T i adt 
function. Halothane is equally effective in n f l 
lowering blood pressure without increasing | | | 
heart rate, but it decreases stroke volume. g n pi eal. 
control hypertension treatment control kgia aasian 
p= NS NS NS p= NS NS 0.05 
iosa Pretreatment (fentanyl, flunitrazepam, pancuronium) 


Treatment with isoflurane 





Oat as ee Treatment with halothane 
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control hypertension treatment control hypertension treatment 
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Potentiation of relaxants for orthopedic surgery 

With isoflurane anesthesia, profound surgical muscle relaxation 

can be provided with one-third to two-thirds the usual relaxant 

dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 

recovery period may be shortened and the need for reversal 

agents reduced by the rapid elimination of isoflurane. 





Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.’’® 





A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 
“Isoflurane is eliminated more rapidly 


than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 

anesthetic.” (Blood-gas partition coef- 

ficient, only 1.4) Group No. of Patients No. of Patients 
l l l i l with N or N&V 

Anesthesia using isoflurane in a mixture EPE Foa 39 23 (62%)* 

of oxygen and air produced a significantly ee eel 

lower incidence of nausea and vomiting fentanyl, O- 20 6 (30%) 


following outpatient laparoscopy than 
anesthesia that included nitrous oxide.® 


isoflurane, O, 20 5 (25%) 





Adapted from Alexander et al® *p<0.05 


References: 


1. Lam AM, Gelb AW: Cardiovascular effects of isoflurane-induced hypotension for cerebral aneurysm surgery. Anesth Analg 62:742-748, 1983. 

2. Adams RW etal: Isoflurane and cerebrospinal fluid pressure in neurosurgical patients. Anesthesiology 54:97-99, 1981. 3. Hess W etal: Compari- 
son of isoflurane and halothane when used to control intraoperative hypertension in patients undergoing coronary artery bypass surgery. Anesth 
Analg 62:15-20, 1983. 4. Miller RD etal: Comparative neuromuscular effects of pancuronium, gallamine, and succinylcholine during Forane and 
halothane anesthesia in man. Anesthesiology 35:509-514, 1971. 5. Tracrium” (atracurium besylate) prescribing information, Burroughs Wellcome 
Co., Research Triangle Park, NC 27709. 6.Wade JG, Stevens WC: Isoflurane: an anesthetic for the eighties? Anesth Analg 60(9):666-682, 1981. 

7. Eger EI II: Isoflurane, a compendium and reference, Ohio Medical Anesthetics, Madison, WI,1981. 8. Alexander GD etal: The role of nitrous oxide 
in postoperative nausea and vomiting. Anesth Analg 63:175, 1984. 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 
FORANE (isoflurane) is a nonflammable general inhalation anesthetic agent. It is 
1-chloro-2,2,2-trifluoroethy] difluoromethyl ether, and its structural formula is: 


F H F 
i | 
F—C—C—0—C—H 
| | | 

F Cl F 
Some physical constants are: 


Molecular weight 184.5 
Boiling point at 760 mm Hg 48.5 °C (uncorr.) 
Refractive index pa 1.2990-1.3005 
Specific gravity 25 °/25 °C 1.496 
Vapor pressure in mm Hg** 20 °C 238 
25 °C 295 
30 °C 367 
35 °C 450 


**Equation for vapor pressure calculation: 
logigPyap = A += where: A = 8056 
B = - 1664.58 
T = °C + 273.16 (Kelvin) 
Partition coefficients at 37 °C 


Water/gas 0.61 

Blood/gas 1.43 

Oil/gas 90.8 
Partition coefficients at 25 °C - rubber and plastic 

Conductive rubber/gas 62.0 

Butyl rubber/gas 75.0 

Polyviny! chloride/gas 110.0 

Polyethylene/gas ~2.0 

Polyurethane/gas ~1.4 

Polyolefin/gas ~1.1 

Butyl acetate/gas ~25 
Purity by gas chromatography >99.9% 
Lower limit of flammability in oxygen 

or nitrous oxide at 9 joules/sec. None 

and 23 °C 


Lower limit of flammability in oxygen Greater than useful 

or nitrous oxide at 900 joules/sec. concentration in 

and 23 °C anesthesia. 
Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers. 
Isoflurane has a mildly pungent, musty, ethereal odor. Samples stored in indirect sunlight 
in clear, colorless glass for five years, as well as samples directly exposed for 30 hours 
to a 2 amp, 115 volt, 60 cycle long wave UV. light were unchanged in composition as 
determined by gas chromatography. Isoflurane in one normal sodium methoxide-methanol 
solution, a strong base, for over six months consumed essentially no alkali, indicative 
of strong base stability. Isoflurane does not decompose in the presence of soda lime, and 
does not attack aluminum, tin, brass, iron or copper. 
CLINICAL PHARMACOLOGY 
FORANE (isoflurane) is an inhalation anesthetic. The MAC (minimum alveolar concen- 
tration) in man is as follows: 


Age 100% Oxygen 70% N20 
26 +4 1.28 0.56 
44+7 1.15 0.50 
64 +5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild 
pungency which limits the rate of induction, although excessive salivation or tracheo- 
bronchial secretions do not appear to be stimulated. Pharyngeal and laryngeal reflexes 
are readily obtunded. The level of anesthesia may be changed rapidly with isoflurane. 
Isoflurane is a profound respiratory depressant. RESPIRATION MUST BE MONITORED 
CLOSELY AND SUPPORTED WHEN NECESSARY. As anesthetic dose is increased, tidal 
volume decreases and respiratory rate is unchanged. This depression is partially reversed 
by surgical stimulation, even at deeper levels of anesthesia. Isoflurane evokes a sigh 
response reminiscent of that seen with diethyl ether and enflurane, although the frequency 
is less than with enflurane. 

Blood pressure decreases with induction of anésthesia but returns toward normal with 
surgical stimulation. Progressive increases in depth of anesthesia produce corresponding 
decreases in blood pressure. Nitrous oxide diminishes the inspiratory concentration of 
isoflurane required to reach a desired level of anesthesia and may reduce the arterial 
hypotension seen with isoflurane alone. Heart rhythm is remarkably stable. With controlled 
ventilation and normal PaCOg, cardiac output is maintained despite increasing depth of 
anesthesia primarily through an increase in heart rate which compensates for a reduction 
in stroke volume. The hypercapnia which attends spontaneous ventilation during 
isoflurane anesthesia further increases heart rate and raises cardiac output above awake 
levels. Isoflurane does not sensitize the myocardium to exogenously administered 
epinephrine in the dog. Limited data indicate that subcutaneous injection of 0.25 mg 
of epinephrine (50 mL of 1:200,000 solution) does not produce an increase in ventricular 
arrhythmias in patients anesthetized with isoflurane. 

Muscle relaxation is often adequate for intra-abdominal operations at normal levels of 
anesthesia. Complete muscle paralysis can be attained with small doses of muscle 
relaxants. ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY POTEN- 
TIATED WITH ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE 
NONDEPOLARIZING TYPE. Neostigmine reverses the effect of nondepolarizing muscle 
relaxants in the presence of isoflurane. All commonly used muscle relaxants are compatible 
with isoflurane. 

Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man. In the 
postanesthesia period, only 0.17% of the isoflurane taken up can be recovered as urinary 
metabolites. 

INDICATIONS AND USAGE 

FORANE (isoflurane) may be used for induction and maintenance of general anesthesia. 
Adequate data have not been developed to establish its application in obstetrical 
anesthesia. 

CONTRAINDICATIONS 

Known sensitivity to FORANE (isoflurane) or to other halogenated agents 

Known or suspected genetic susceptibility to malignant hyperthermia 

WARNINGS 

Since levels of anesthesia may be altered easily and rapidly, only vaporizers producing 
predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened. 
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Increased blood loss comparable to that seen with halothane has been observed in 
patients undergoing abortions. 
FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesia. 
There may be a transient rise in cerebral spinal fluid pressure which is fully reversible 
with hyperventilation. 
PRECAUTIONS 
General: As with any potent general anesthetic, FORANE (isoflurane) should only be 
administered in an adequately equipped anesthetizing environment by those who are 
familiar with the pharmacology of the drug and qualified by training and experience to 
manage the anesthetized patient. 
Information to Patients: Isoflurane, as well as other general anesthetics, may cause a 
slight decrease in intellectual function for 2 or 3 days following anesthesia. As with other 
anesthetics, small changes in moods and symptoms may persist for up to 6 days after 
administration. 
Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinine 
with decrease in BUN, serum cholesterol and alkaline phosphatase have been observed. 
Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, 
most notably nondepolarizing muscle relaxants, and MAC (minimum alveolar concen- 
tration) is reduced by concomitant administration of N30. 
See CLINICAL PHARMACOLOGY. 
Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such 
exposure might induce neoplasia. Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four 
in-utero exposures and for 24 exposures to the pups during the first nine weeks of life. 
The mice were killed at 15 months of age. The incidence of tumors in these mice was 
the same as in untreated control mice which were given the same background gases, 
but not the anesthetic. 
Pregnancy Category C: Isoflurane has been shown to have a possible anesthetic-related 
fetotoxic effect in mice when given in doses 6 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Isoflurane should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nursing Mothers: It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when isoflurane 
is administered to a nursing woman. 
Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may trigger 
a skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical 
syndrome known as malignant hyperthermia. The syndrome includes nonspecific features 
such as muscle rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood 
pressure. (It should also be noted that many of these nonspecific signs may appear with 
light anesthesia, acute hypoxia, etc.) An increase in overall metabolism may be reflected 
in an elevated temperature (which may rise rapidly early or late in the case, but usually 
is not the first sign of augmented metabolism) and an increased usage of the CO, 
absorption system (hot canister). PaO, and pH may decrease, and hyperkalemia and a 
base deficit may appear. Treatment includes discontinuance of triggering agents 
(eg., isoflurane), administration of intravenous dantrolene sodium, and application of 
supportive therapy. Such therapy includes vigorous efforts to restore body temperature 
to normal, respiratory and circulatory support as indicated, and management of electrolyte- 
fluid-acid-base derangements. (Consult prescribing information for dantrolene sodium 
intravenous for additional information on patient management.) Renal failure may 
appear later, and urine flow should be sustained if possible. 
ADVERSE REACTIONS 
Adverse reactions encountered in the administration of FORANE (isoflurane) are in general 
dose dependent extensions of pharmacophysiologic effects and include respiratory 
depression, hypotension and arrhythmias. 
Shivering, nausea, vomiting and ileus have been observed in the postoperative period 
As with all other general anesthetics, transient elevations in white blood count have been 
observed even in the absence of surgical stress. 
See PRECAUTIONS for information regarding malignant hyperthermia. 
OVERDOSAGE 
In the event of overdosage, or what may appear to be overdosage, the following action 
should be taken: 
Stop drug administration, establish a clear airway and initiate assisted or controlled 
ventilation with pure oxygen. 
DOSAGE AND ADMINISTRATION 
Premedication: Premedication should be selected according to the need of the individual 
patient, taking into account that secretions are weakly stimulated by FORANE (isoflurane) 
and the heart rate tends to be increased. The use of anticholinergic drugs is a matter 
of choice. 
Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplished by using: 
a) vaporizers calibrated specifically for isoflurane; 
b) vaporizers from which delivered flows can be calculated, such 

as vaporizers delivering a saturated vapor which is then diluted. 

The delivered concentration from such a vaporizer may be 

calculated using the formula: 


100 Py Fy 
Fr (Pa - Py) 
where: Py, = Pressure of atmosphere 


% isoflurane = 


Py = Vapor pressure of isoflurane 
Fy = Flow of gas through vaporizer (mL/min) 
Fr = Total gas flow (mL/min) 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation 
of these vaporizers. 

Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous 
oxide mixtures may produce coughing, breath holding, or laryngospasm. These difficulties 
may be avoided by the use of a hypnotic dose of an ultra-short-acting barbiturate. 
Inspired concentrations of 1.5 to 3.0% isoflurane usually produce surgical anesthesia in 
7 to 10 minutes. 

Maintenance: Surgical levels of anesthesia may be sustained with a 1.0 to 2.5% concen- 
tration when nitrous oxide is used concomitantly. An additional 0.5 to 10% may be 
required when isoflurane is given using oxygen alone. If added relaxation is required, 
supplemental doses of muscle relaxants may be used. 

The level of blood pressure during maintenance is an inverse function of isoflurane 
concentration in the absence of other complicating problems. Excessive decreases may 
be due to depth of anesthesia and in such instances may be corrected by lightening 
anesthesia. 

HOW SUPPLIED 

FORANE (isoflurane), NDC 10019-360-40, is packaged in 100 mL amber-colored bottles. 
Storage: Store at room temperature. Isoflurane contains no additives and has been 
demonstrated to be stable at room temperature for periods in excess of five years. 
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Forget your old ideas 
about capnometers. 


FLOW ADJUST 


TRAVERSE Py 
MEDICALI k: N 
MONITORS 





On 
S}. ; ee ame 
T d, A C 
le operation for only $2,995. 
“ae a ee 


urs is easy to use. 


The TMM Capnometer is simple to operate. Just connect the Capnometer to the 
patient or the ventilator circuit, and turn it on. To set parameters, as illustrated 
by the gas calibration procedure above, you simply press tactile response buttons. 


Thanks to a powerful microprocessor, the TMM Capnometer monitors itself 
so you can give more attention to your patient. The Capnometer alerts you when a 
trend has been determined that deviates from parameters you have established, 


All user selected operating parameters are retained in memory. 
Automatic baseline updates provide long term unattended operation. 


Data display is clear, bright, and continuous. 
A linearized signal output enables you to observe end-tidal waveforms. 


An advanced Fluids Separator* on the TMM Capnometer 
continuously clears the gas stream of fluids. bys io 


A reliable infrared analyzer counts CO, molecules in under 100 msec ! 
at a flow rate of 260 ml/minute—a rate comparable to dedicated /V Aonitors 
mass spectrometers and faster than multiplexed units. < 


The TMM Capnometer is backed by a comprehensive user support 
and service program. And it costs only $2,995, ; 


SUBSIDIARY OF 
DYNATECH CORPORATION 


f 





For more information, please contact: 
Traverse Medical Monitors, 6812 South State Road, Saline, M ichigan 48176 
or call toll-free: (800) 247-7038 (800) 722-4153 in Michigan 


“patent pending 








NITROUS OXIDE/N.O 


Editor: Edmond I. Eger ll, M.D., Professor and Vice Chairman for Research, Department of 


Anesthesia, University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N,0O is a complete resource on the subject. 
It describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N,O are 
reviewed by means of: 
m thorough discussion of N,O pharmacology and . 
distribution 
m detailed summary of known side effects and toxicity 
- ™ practical guidelines for avoiding and managing 
these effects | 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N,O is a controversial work that 
everyone using the drug will want to read. 


Order from your usual supplier or 
Elsevier Science Publishing Co.. Inc. 
PO. Box 1663, Grand Central Station, New York, NY 10163 


Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics, Chemistry, and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
Inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity, and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide. Epilogue. Index. 


1984 416pages 0-444-00860-8 cloth $37.50 


(Distributed outside the US A and Canada by Edward Arnold Ltd.. London.) 


ELSEVIER 


Note: Price subject to change without notice. 


In NY State please add applicable sales tax. FB 248 


Canadian Anaesthetists’ Society Journal 


An International Anaesthesia Journal publishing reports of investigation, clinical reports, review articles and other features. 


Published bi-monthly. 


N With a Continuing Medical Education Section 
OW in exh Joumal issue! 
CME topics scheduled for 1985 
— Anaesthetic Considerations in the Burn Patient 
Anaesthesia and the Aged 
Cakium Channel Blockers 
Haemodynamic i 
Ansesthetic Circuits 
— Malignant Hyperthermia 


i 1985 Subscription Rates (Canadian Dollars) 


Plus 


tains refresher course outlines and abstracts of papers presented 
in the scientific programme of the Annual Meeting of the Canadian 
Anaesthetists' Society. 


An Annual Meeting Supplement is published as 
Part H of each May issue. The Supplement con- 


C Individual $55.00 [1 Institutional $75.00 © Air Mail (optional) $30.00 
CO Payment Enclosed C Bill to Credit Card Account O VISA O MasterCard 
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CO Tracrium* Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


Œ Hofmann elimination—a nonenzymatic process that 
occurs at physiologic temperature and pH 


2) Ester hydrolysis—catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required 


These attributes make Tracrium a more flexible sar- 


gical muscle relaxant—it may be tailored to a wice 
variety of surgical cases. 


‘Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion.”’ 


“At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH.” 


Convenient and Ready to Use 
Tracrium is easily administered —requires 
no premixing. 





Few Cardiovascular Effects 

at Recommended Dosages 

O Tracrium®* (atracurium besylate) produces virtually 

no clinically significant cardiovascular hemodynamic 

changes when administered at recommended dosage 
_tevels—a significant benefit in patients with compro- 

mised cardiac ability or cardiac risk. 





Cardiovascular effects of atracurium 


Dosage Mean Blood Pressure (% control) N Dosage Mean Heart Rate (% control) 
Values + SD 








Values + SD 
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Adapted from Basta et al.3 
No Cumulative Effects Upon Minimal Histamine Release 
Recovery, After Multiple Doses O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine : 
O Repeated equipotent doses of Tracrium, admin- O Clinically sig nificant histamine release occurs well 
o : within the clinical dosage range (at EDgs) for curare, 
istered at equal points of recovery, have no cumulative ‘ee 
Neat an OOVA tima at the upper limits of the clinical dosage range 
ry (at 2 x EDgs) for metocurine and outside the clinical 
; 4 
“ D Once recovery begins, it is relatively rapid and Gosege (ange (at 9 x EDos for atracurium 
independent of dose O The lack of hemodynamic changes due to 


Tracrium suggests minimal histamine release 
Q This means that you do not have to calculate pro- 
gressively smaller doses tor repeat aaministration, and vely sm aller doses fo r repeat admi ni stration z and Please see brief summary of prescribing information on the following page. 
that recovery is more consistent and predictable 


“a z . ; REFERENCES: 
One patient received 12 successive doses of 1. Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: A new 
atracurium after recovering completely from the initial intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
k 2. Katz RL, Stirt J, M AL, et al: N lar effects of at ium i ; 

dose, yet the 25%-75% recovery times were 10.0 and MAT °° a aa 

i j ; f i 3.B SJ, Ali HH, § JJ, et al: Clinical ph Í fat ium besylat 
12.2 mn, ri esp ecti vely. This may in di cate that (BW 33A). A new pepaya e muscle relaxant. Anoat Analg 1982: 61:7233 729, 
atracurium is not cumulative....”7 4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 


besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 1982;57:A261. 
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‘WARNINGS: T RACRIU! IM 

MANAGEMENT AND: Pi y 
DO NOT GIVE TRACRIUM BY USARA ADMINISTRATION. 


Tracrium has no known effect SNESS, pain threshold, of cerebration. it 
Should be used only with. adeg anesthesia. 4 among those most Firean 
Tracrium Injection should not be mixed with alkaline solutions (e.g., barbiturate solutions) estimate of their: incidence: 
_in the same syringe or-administered simultaneously during intravenous infusion through in 
the same needle. Dependin resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may čipi 
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and Fetal Stress. 
Marcalne -ci025% 005% 


bupivacaine HCI injection, USP 


with or without epinephrine 1:200,000 


_ Break the stress response caused by 
unblocked pain with epidural Marcaine. 


_ Excellent sensory block with varying 
degrees of motor block, depending on 
dosage and concentration. Marcaine 
0.75% not recommended for obstetrical 
anesthesia. 


_ Long lasting pain relief for greater 
comfort during labor and delivery. 


-Proven safe for newborn with 
minimal neurobehavioral 
effects and minimal 
drug exposure.’ 


Whhiroo-Leorr 


WINTHROP-BREON LABORATORIES 
90 Park Avenue, New York, NY 10016 


See adjacent page for important 
product information concerning con- 
traindications, warnings, adverse 
reactions, patient selection, and pre- 
scribing and precautionary 
recommendations. 

Resuscitative equipment and drugs 
should be readily available when any 
local anesthetic is used. 

Contraindicated for obstetric 


paracervical block. 
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Marcaine:. 


(bupivacaine HC! injection, USP) aaao 


PLEASE CONSULT FULL PRESCRIBING INFORMATION. A BUMMARY FOLLOWB: 


CONTRAINDICATIONS: Obstetric paracervical block anesthesia; use in this technique has resulted in fetal 
‘bradycardia and death. Known hypersensitivity to the drug or to arry amide-type f anesthetic, or to other 
components of MARCAINE solutions. 


WARNINGS 


THE 0.75% CONCENTRATION OF MARCAINE IS NOT RECOMMENDED FOR OBSTETRICAL 
ANESTHESIA. THERE HAVE BEEN REPORTS OF CARDIAC ARREST WITH DIFFICULT 
tag tral hae OR DEATH DURING USE OF MARCAINE FOR EPIOURAL ANESTHESIA 

N OBSTETRICAL PATIENTS. IN MOST CASES, THIS HAS FOLLOWED USE OF THE 0.75% 
CONCENTRATION. RESUSCITATION HAS BEEN DIFFICULT OR IMPOSSIBLE DESPITE 


PRESUMABLY FOLLOW! LAR 
CENTRATION SHOULD BE RESERVED FOR SURGICAL PROCEDURES WHERE A HIGH 
DEGREE OF MUSCLE RELAXATION AND PROLONGED EFFECT ARE NECESSARY 





LOCAL ANESTHETICS rega ONLY A ETOD O TANS VO ADEWE VEED N 
DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMERGENCIES 
WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND THEN ONLY AFTER INSUAING 
THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DAUGS, Me ROPE EANABS. 
: MENT‘OF-TOXIC REACTIONS AND RELATED FMERAENGEA. (208 also ADVERSE REACTIONS, 
. PRECAUTIONS and OVERDOSAGE.) DELAY IN PROPER M 

UNDERVENTILATION FROM ANY AN 
VELOPMENT OF ACIDOSIS, CARDIAC ARREST AND, POSSIBLY, DEA 

Local-anesthetic solutions conteming antimicrobial preservatives, ie, those supplied in multiple-dose 
vials, should not be used for epidural or caudal anesthesia because ther safety bas not been setablished 
with regard to intrathecal! on—intentionally o not 

it is caeserrtial that A pers lesser electra Does alent 
any local arwethetic (the original and all subsequent doses) to avoid Intravasculer or subarachnoid Infection, 
which can occur even with a negative aspiration. 

MARCAINE with epinephrine 1:200,000 or other vagzooressors should not be used concomitantly with 
ergot-type oxytocic drugs, and used with extreme caution in patients receling monoamine oxidase {MAO} 
"Parc irtera perience, MAACANE cara In cMarenyoura severe prolonged hyperten 


Waxing or aprior or ruse use, of 

because euch use ecks sufficient cinical data. 
There have been reports of cardiac arrest and death with MARCAINE for intravenous regional anesthesia 
{Bier block}. Since Informetion on safe dosages and procedural techniques is lacking, MARCAINE ts not 


rocr TG 
PRECAUTIONS: General: Safety and effectivenses of local aneathetice depend on proper dosage, correct 
aed aes precautions, and readiness for emergencies. Resuscitative eq druga, and 
Saved sty kd be available for Immediate use. (See WARNINGS, ADVERSE A OVERDOSAGE.) 
During major regional nerve blocks, the patent should have I.V. fulde via an Indwelling catheter to sasure a 
functioning De rire ous Daley. Tie (nee atone ences PAAGA around be Hea trevor Nigh 
arse ass and serious adverse effects. 

Kdurel Anesthesia; The 0.5% and 0.75% sotutions should be administered in increments of 3-5 mi. with 
doses to deact toxic maniestations of unintentional 


r 
infection. Administration should be siow, with frequent sepirations before and d the procedure to avoid 

injection which is stil possible even if aspirations for blood are E yAaropibere dina 
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epidural space 
contain epinephrine (1 provide 

Hi into a blood veseai, this amount is likely to produce a transient “epinephrine 
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soe MANASA Dy tae OF ae D [00 econ ee Sonaation. estore Di ihe lege ot i te sedated 
patient, abeernt knee jerk). Two or 3 mi of MARCAINE 0.5% with eninephrine 1:200,000 contain, 
10 and 16 mg of bupivacaine HC) and 10 and 16 xg of epinephrine. An intravascular or subarachnoid = 


accumulation of the drug or ite metabolites, or to show metabolic Tolerance to elevated bood 
levets varies with the patent's etatus. Deb!itatad, and acute pil pavonis SoUo De ghon bra 
doses commensurate with age and physical status. Also use local anesthetica with caution in patents with 


There shouid be careful and constant monitoring of the patiant’s cardiovascular and respiratory (adequacy 
of ventiietion) vital signs and state of con after each Injection, and kapt in mind at such times that 
restesanoess, anxiety, css bared Gan ee ees, Numbness and tingling of the mouth and lipe, 
metalic trate, tinnitus, dizziness, tremors, twitching, depression, or drowsiness may be 
warnings of CNS toxicity. 

Local anesthetic solutions with a vasoconstrictor should bs used cautiously end caretully in body areas 
suppbed by end arteries or with otherwise restricted biood supply (digits, noes, external aer, penis, 
etc}. Patients with hypertensive vascular disease may exhibit exaggerated vasoconstrictor responae; iechemic 


raph ag chit all al iden pcre? Mller 
Palai alaala orrat tapah hepatic Sloan: ii an to metabolize 


SPAAN ganara halt rape a R le suggested that a standard manage- 
ment protocol be avallabie. pila ising ne of tachycardie, tachyp blood 

Aoa ESMOLAS Gite DENEA ignored 
LV. {seo Inform 


dental, and stellate gan ER, Thay NiC DEEA reaeions AADAT TO D a N O noes ai 
uninientional infections of larger doses. Confusion, conrutsiona, reaplratory depreeaion and/or 
respiratory arrest, stimulation or depression have been and may be due to 


ipne and personnel immediately avaliable H needed, Do not exceed dosage recommendations. (Gee 
DOBAGE AND ADMINISTRATION) 
Use In Cee rye Surgen MT VAROANE O T% for retrogubar Dic, comptete comer anesthasja 
usually precedes onset of chnicaly acceptable extemal ocular muscle aidnesia. Presence of akinoala atone 
seer ee ea cee or uae 
: Because of the long duration of anesthesia whan MARCAINE 0.5% with In 
gree plate caution patients about inadvertent trauma to tongue, fips, and buccal mucosa: se them not 
to chew sofd foods or fest the anesthetized ares by biting cr probing unti anesthesia has worn off (up to 7 


inform them in advence of possible temporary tose of 
following administration of caudal or epidural 

n eee ner 
local anesthetic solutions containing epinephrine 
Shp poe lead Aral an may produce severe, 
nged ttypertension. Thats concurrent use should general 


severe, persistant hypertension or 
May reduce of reverses epinaphrine's prosan affect 


dias in pregnant 
tn poli tl int be uted by pote beet 
Thie does not exclude use of at berm for obstetric anesthesia or analgesia. (Gee Labor and 


Dettrery.) - 
Labor and Delivery: SEE BOXED WARNING REGARDING OBSTETRIC USE OF 0.75% MARCAINE, and its 


, (See 
depend upon the procedure performed, and drug type, amount, and technique of administration Adverse 
reactions in the parturient, fetus, and neonate involve alterations of the CNS, peripheral vascular tone, and 


Makama hypotension hes resulted from regional anestheels, Local anesthetics produce vasodilation by 
Sees atk TERT ETU E PAEIT Ban Se AT ERDE ROT a onal 


has Dasr reported to prolong second Moar oe eee te 
Ce ee ee ence) Somrmrence wen motor function. Use 


Some local drugs may diminish muscle strength and tone for the iret day or two of Ite, f le 
unreported with buphvacaine. 
Of extreme Importance: Avoid aortocaval compression of the gravid uterus during administration of 


Nursing Mothers: E lg not known anesthetica are in humen mik; because mary 
are, administer with caution. 
Use: Without further experience in children under 12, MARCAINE Is not recommended for this 
group. 
ADVERSE REACTIONS: A major cartes of achverse to amidetype local anesthetics is excessive 


reactions 
pda poseia Hoa i ovart otiga, Unt mentioned intravascular injection, or stow metabolo 


may reauk fom Uu 
indravascular in of the scotufion. in addijjon io toadcty, unintentional suberach- 
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diseases which aher protein production or competi- 
drugs for protein binding sites, may diminish Individual tolerance. 
Centrai Nervous System: Excitation and/or depression, restiosanesa, arndety, dizziness, Unottus, blurred 
occur, posalbly convulsions. Excitement may be transient, 


arreat may 
, Chills, pupillary constriction. Incidence of 
ministered. In studies of epidural anesthesia, 
0.1% of procedures. 
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nirtentiornea 


Allergic: Rare, and may occur es a result of sensifivity to the local anesthetic or to other formulation Ingre- 
dients such as the antimicrobial preservative methylparaben contained in mulple-dose vials or sulfites in 
epinephrine-containing solutions. Possible reactions: urticansa, pruritus, erythema, 

indung tanngeal), tachycardia, ea aneao, musea omina, vomiting, dizziness, syncope, Pph sweating, 
elevate parhape an 


dose administered, and dependent upon the particular d 
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and Detwery 
Composition of Maroalne Solutions: 0.26%—each mL contains 2.5 ma Riel Schaerer 0,59%—emeh mL 
contalns 5 mg bu ; 0.78%—each mi. contains 7.6 mg bupivacaine. All concentrations contain NaCl 
for tsotonbcity in for Infection. 

in muttinfe-dcee viala, each mL siso contains { mg methylparaben. Wh epinephrine, each mi. aiao 
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1. Ce ee eee ee eee 
fetal resusctation. Reg Anesth 1981/6:136-145. 


following epidural Presentod as a 
scientific poater at the Annual of the Amarican of 
Regional Anesthesia, Lake Buena FL, March 23-27, 1 


| Winthrop Greon | 


WINTHROP-BREON LABORATORIES 
90 Park Avenue, New York, NY 10016 








ANESTH ANALG 1041 
1985764: 1041-6 





High-Frequency Oscillatory Ventilation and Pulmonary 


Extravascular Water 


Masanori Tamura, MD, Toshio Kawano, MD, Ingrid Fitz-James, MD, and 


A. Charles Bryan, MB, BS, PhD 





TAMURA M, KAWANO T, FITZ-JAMES I, BRYAN AC. 
High-frequency oscillatory ventilation and pulmonary 
extravascular water. Anesth Analg 1985;24:1041-6. 


The lungs of anesthetized rabbits were embolized by intra- 
venous injection of 75 mg/kg of starch particles in divided 
doses. One group received high-frequency oscillatory ven- 
tilation (HFOV) at a rate of 15 Hz. Both groups were 
ventilated with an Fio, of 1.0. After 3 hr of ventilation, the 
animals were sacrificed, and the extravascular lung water 
(EVLW) was determined gravimetrically. With conven- 
tional mechanical ventilation (CMV), the EVLW/body weight 
ratio was 4.1 + 1.4 g/kg (mean + SD) and was significantly 
higher than the ratio of 2.8 + 0.6 in animals given HFOV 
(P < 0.05). In a second series of animals, 20 aCi of !°1- 





eeen aaam a ees 


labeled bovine albumin was injected intravenousl y prior to 
embolization and followed by the same two types of venti- 
lation. After the rabbits were sacrificed, the lu ngs were 
lavaged with 0.9 N saline, and the rad loachivity of the fluid 
was measured to determine the protein leak. After CMV, 
2.76 + 2.05% of the injected radioactivity was recovered 
from the fluid, significantly higher (P < 0.01) than the 
amount of radioactivity recovered after HFOV, 0.3 + 0.28%. 
There also was significantly more labeled protein in the | ung 
tissue that had been on CMV. We conclude that in this 
model of pulmonary edema, HFOV significantly reduces 
both the amount of fluid and protein leaking into the | ung. 





Key Words: LUNG—edema. EMBOLISM —starch. 
VENTILATION —artificial, high frequency. 
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There have been a number of studies on the effect of 
high-frequency oscillatory ventilation (HFOV) on pul- 
monary lymphatic flow that have had conflicting re- 
sults (1-4). The more general question of what HFOV 
does to the Starling balance of forces that govern fluid 
movement across the lungs does not appear to have 
been studied. With the very different pressure—time 
profile on HFOV compared to conventional mechan- 
ical ventilation (CMV), differences in fluid flux across 
the lung might be expected. Kudoh (5) has shown 
that a mechanically ventilated lung develops more 
pulmonary edema than a contralateral lung held stat- 
ically inflated. HFOV is essentially static inflation with 
a small superimposed pressure fluctuation. We have, 
therefore, compared the effects of HFOV and CMV 
on a model of pulmonary edema created by starch 
embolization of the lung. 
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Methods 


Adult male New Zealand white rabbits (3.3 + 0.4 kg) 
were premedicated with acepromazine (0.3 mg/kg in- 
tramuscularly). Anesthesia was induced with keta- 
mine (3.5 mg/kg intravenously) and thiopental (7 mg/kg 
intravenously). A tracheostomy was performed and 
a 3.5-mm endotracheal tube secured in place. A con- 
trol group (five animals) was immediately sacrificed 
with KCI intravenously. The remaining animals were 
paralyzed with pancuronium bromide (0.3 mg/kg in- 
travenously) and assigned to either CMV or HFOV. 
Anesthesia and paralysis were maintained with in- 
termittent doses of ketamine and pancuronium bro- 
mide. A catheter was inserted into the femoral artery, 
and arterial blood samples were drawn every 30 min 
tor blood gas analysis. Between samples, the catheter 
was used to measure blood pressure with a pressure 
transducer (HP 267BC). Fluid balance was maintained 
by the infusion of 0.9 N saline with 5% glucose at a 
rateof9ml - kg~! - hr~'. Body temperature was main- 
tained with a servocontrolled radiant heater (Air 
Shields). The ECG, blood pressure, and airway pres- 
sure were recorded on a polygraph (Hewlett- 
Packard). Total plasma proteins were measured at 
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the beginning and the end of the experiment with a 
refractometer (American Optical). 

Conventional mechanical ventilation was provided 
by a Bournes BP 200 infant ventilator. The initial set- 
tings were Flo, 1.0; peak pressure, 20 cm H20; pos- 
itive end-expiratory pressure, 2 cm HO; rate, 30 
breaths/min; inspiratory/expiratory ratio, 1:3. The mean 
pressure on these settings was approximately 6 cm 
H:O. During the last hour of the study, ventilator 
pressures had to be increased to maintain normal 
blood—gas tensions. 

High-frequency oscillatory ventilation was pro- 
vided by a pump and circuit as described previously 
(6,7). The rate was 15 Hz, the volume displacement 
1-2 ml/kg, and the mean airway pressure was mea- 
sured at the junction of the circuit connector and the 
endotracheal tube. Because of reports of gas trapping 
on HFOV (8,9), we also intermittently occluded the 
airway to obtain the alveolar pressure. 

After a brief period of stabilization on one or the 
other mode of ventilation, the lungs were embolized 
with an intravenous injection of a suspension of po- 
tato starch with a particle size of 63-74 um. A total 
dose of 75 mg/kg was given in divided doses, pro- 
ducing substantial pulmonary edema with a relatively 
low mortality. The initial dose was 25 mg/kg, followed 
by four additional injections of 12.5 mg/kg at 30-min 
intervals. Four hr after the initial embolization, the 
animals were sacrificed by intravenous injection of 
KCI. 

Three different groups of animals were used: one 
to measure extravascular lung water, one to measure 
pulmonary protein leak, and one for pathological 
examination. 


Measurement of Lung Water 


After sacrifice, the trachea was clamped, the lungs 
removed, and lung water measured by the gravi- 
metric technique described by Pearce et al. (10). The 
lungs were weighed and then homogenized in dis- 
tilled water. An aliquot of the homogenate was cen- 
trifuged at 8000 g for 30 min, and the hemoglobin in 
the supernatant was measured. The rest of the ho- 
mogenate was weighed and evaporated to a constant 
weight in an oven at 60°C. From these measurements, 
wet and dry weights, corrected for pulmonary blood 
volume, were obtained, from which pulmonary ex- 
travascular water was calculated. These measure- 
ments were made on the five control animals, the 12 
rabbits embolized during CMV, and the 12 rabbits 
embolized during HFOV. 


TAMURA ET AL. 


Measurements of Protein Leak 


In the second series of rabbits, an identical emboli- 
zation/ventilation protocol was followed, but 1 hr be- 
fore the first starch injection, 20 aCi of `I bovine 
serum albumin was injected into the jugular vein. 
Arterial blood samples were taken every 15 min and 
the activity measured in a well counter (Beckman) to 
obtain the clearance rate of albumin from the vascular 
system. After the rabbits were sacrificed, the lungs 
were lavaged with 20 ml/kg of 0.9 N saline flushed in 
and out three times, followed by five more lavages. 
The radioactivity of the pooled lavage fluid was mea- 
sured in a well counter to obtain the alveolar protein 
leak. The lung was then homogenized and its activity 
measured to obtain the protein leak into the tissue 
(after correction for the radioactivity in the pulmonary 
blood volume (11,12)). These measurements were made 
in seven rabbits embolized during CMV and seven 
rabbits embolized during HFOV. 


Pathological Examination 


In the third series, after an identical emboliza- 
tion/ventilation protocol, the lungs were removed for 
pathological examination immediately after sacrifice. 
A piece of the right lower lobe was fixed in glutar- 
aldehyde for electron microscopy. The remainder of 
the right lung was fixed in Bouin's solution and the 
left lung in formalin for light microscopy. Three rab- 
bits embolized during CMV and three embolized dur- 
ing HFOV were studied. 


Statistical Analysis 


Analysis was done using the Student’s unpaired f- 
test. All results are presented at mean + 1 SD. Sig- 
nificance was assumed to be P < 0.05. 


Results 

Gas Exchange 

Arterial blood~gas tensions and the mean airway 
pressures after embolization on the two forms of ven- 
tilation are presented in Table 1. During HFOV, ho- 
meostasis of blood-gas tensions was maintained 
throughout the experiment. In contrast, during CMV 
there was a progressive decrease in arterial oxygen 
tension that necessitated increasing the ventilator 
pressures during the last hour to avoid hypoxia. Only 
in the last hour were the blood—gas tensions and pH 


significantly different between animals managed on 
CMV and HFOV. 
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Table 1. Time Course of Arterial Blood—Gas Tensions and Mean Airway Pressure in Series 1 and 2 
0 0.5 hr lhr 2 hr 3 hr End 
pH 
CMV 7.47 + 0.06 7.39 + 0.10 7.40 + 0.08 7.37 + 0.11 7.27 + 0.12 7.19 + 0.12 
HFOV 7.43 + 0.08 7.42 + 0.08 7.39 + 0.07 7.33 + 0.08 7.34 + 0.07 7.32 + 0.11" 
PaO, 
CMV 410 + 32 370 + 74 392 + 96 839 + 135 292 + 141 207 + 165 
HFOV 393 + 73 396 + 55 414 + 57 372 + 83 394 + 94 391 + 90 
Paco (mm Hg) 
CMV 31 +7 33 + 8 32 4 B8 4+9 40 + 10 42 + 12 
HFOV 3445 32+ 5 34 +4 36 + 6 35 + 4 B t F 
MAP (cm H20) 
CMV 6.1 + 0.3 6.1 + 0.3 6.2 + 0.4 6.3 + 0.7 6.4 + 0.7 ye lem 1.4 
HFOV 5.6 + 0.6 5.6 + 0.5 5.6 + 0.5 5.7 + 0.5 5.8 + 0.7 5.8 + 0.7" 


Values are means + SD; n = 
HFOV, high-frequency oscillatory ventilation. 
‘Significantly different from corresponding CMV value {P < 0.05). 


Table 2. Extravascular Lung Water 


Number of EVLW/BW EVLW/DLT 

rabbits (g/kg) (g/g) 
Control 5 1.8 + 0.6 3.5.2 0:6 
CMV 12 4.1 + 1.4 7.9 + 2.6 
HFOV 12 2.8 + 0.6 5.4 + 1.28 


Values are means + sp. Abbreviations: EVLW, extravascular lung water; 
CLT, corrected dry lung tissue weight; BW, body weight. 
‘Significantly different corresponding CMV value (P < 0.05). 


Lung Volume 


There was no significant difference between the mean 
airway pressure and the pressure measured during 
airway occlusion (alveolar pressure) during HFOV; 
therefore there was no evidence of gas trapping. 


Extravascular Lung Water 


The extravascular lung water results are presented in 
Table 2 normalized to both body weight and to dry 
ling tissue weight. After embolization there was a 
significant increase in lung water on both forms of 
ventilation, but the lung water after CMV was sig- 
nificantly higher (P < 0.05) than after HFOV (Fig. 1). 


Protein Leak 


The percentages of the injected albumin that leaked 
into the lung are presented in Table 3. The alveolar 
lzak was highly significantly greater (P < 0.01) during 
CMV (2.75 + 2.05%) than during HFOV (0.3 + 0.28%) 
(Fig. 2). The albumin leak into lung tissue was also 
significantly greater (P < 0.05) during CMV (Fig. 3). 
The half-time clearance of albumin from the vascular 
space was not significantly different between the two 


19. Abbreviations: MAP, mean airway pressure; End, at the time of sacrifice, CMV, conventional mechanical ventilation; 


EXTRA VASCULAR LUNG WATER /B.W. 
(N = 5) (N = 12) (N = 12) 


g/kg 


OOOO AAO 


: CONTROL CMV HFO 


Figure 1. Comparative extravascular lung water values during CMV 
and HFO, mean + sD are represented. Healthy rabbits (MD), starch 
embolization treated on CMV (@), starch embolization treated on 
HFO (Q). Extravascular lung water/body weight is significantly 
lower on HFO than CMV (P < 0.05). 


modes of ventilation prior to embolization. After em- 
bolization, there was no significant change in the half- 
time during HFOV. In contrast, during CMV the half- 
time was significantly faster (P < 0.01) than either 
preembolization or postembolization during HFOV. 


Pathology 


Light microscopy showed widespread starch emboli, 
moderate interstitial and alveolar edema, and patchy 
pneumonitis. Electron microscopy showed focal 
swelling of type I cells, but otherwise intact epithe- 
lium. There were intraalveolar fibrin strands and 
endothelial bleb formation. There was no detectable 
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Table 3. '*I-Albumin Leak from Half-Time Clearance from Blood 


Number of rabbits Leak in alveolus 





CMV 7 270-2). 2.09 
HFO 7 O50 256 


Values are means + 5D, 
Significantly different corresponding CMV value, °P < 0.05; °P < 0.01. 


% LEAK IN ALVEOLUS 
7 (N =7) 


(N =7) 





CMV HFO 


Figure 2. Comparison of }*°l-albumin associated with alveolar wash 
mean % + sp of initial '*°I-albumin dose injected through the 
external jugular vein that was recovered by alveolar wash. Rabbits 
on CMV and HFOV are indicated by @ and ©, respectively. Percent 
leak in alveolus is significantly lower on HFOV (P < 0.01). 


pathological difference between animals after CMV 
and HFOV. 


Discussion 


The association of pulmonary edema with pulmonary 
embolism has been widely observed, but the mech- 
anism is controversial (13-16). The leak appears to be 
due to a number of factors (17—18) including mediator 
release from granulocytes and platelets, direct injury 
to the capilliary endothelium, and local increase in 
intravascular pressure due to starch particles and fi- 
brin aggregates. 

In this study, after starch embolization, there was 
less extravascular lung water and less protein leakage 
into the lung during HFOV than during CMV. The 
reason for this difference is not clear, but it could be 
due to differences in pulmonary lymph flow. Warren 
and Drinker (19) suggested that phasic lung inflation 
was important for normal pulmonary lymphatic flow. 
There are no large phasic movements of the lung dur- 
ing HFOV, and several groups have studied the effect 
of this mode of ventilation on pulmonary lymph flow. 
However, the results are conflicting. Mitzner et al. 





H Half-time clearance 


Leak in tissue Before starch After starch 





1.12 + 0.41 568 + 241 170 + 79 
0.42 + O41 631 + 460 659 + 247° 
% LEAK IN TISSUE 
4 (N = 7) (N =7) 





CMV HFO 


Figure 3. Comparison of '**l-albumin associated with lung tissue 
BUTE A 


mean % + sD of initial '*l-albumin dose injected through the 
external jugular vein that was associated with the lung tissue. Rab- 
bits on CMV and HFOV are indicated by @ and ©, respectively. 
Percent leak associated with tissue is significa ntly lower on HFOV 
(P < 0.05). 


and Raj et al. (2,3) found a small decrease in lymph 
flow during HFOV but no increase in extravascular 
lung water. Martin et al. (4) found an increase in 
lymph flow with a small increase in lung water. Jef- 
feries et al. (1) found no change in either lymph flow 
or lung water during HFOV. These conflicting results 
are probably due to variability of methodologies, i.e., 
excised lungs, open or closed chest, or the use of 
sheep or dogs. Given this variability, we can draw no 
conclusion about the role of HFOV on lymphatic flow. 

It is possible that HFOV affects lung water by al- 
tering the Starling balance of forces governing trans- 
vascular fluid flux, namely: 


Q = K (Pmv — Pis) ~ Ko (amv ~ mis) 


where Q is the filtration rate, P the hydrostatic pres- 
sure, 7 the osmotic pressure, K the conductance of 
the barrier, o the reflection coefficient, and mv and ts 
the microvascular and interstitial compartments, 
respectively. 

The conductance, K, is a function of both surface 
area and pore size. One would predict that as the 
mean airway pressure was the same, the animals on 
CMV who had more edema would be less compliant 
and have a lower lung volume and less surface area. 
However, during CMV, the lung is cycled between a 
large and a small Jung volume, whereas during HFOV, 
the lung volume is relatively fixed. Therefore, it is 
difficult to draw conclusions about the surface area. 


HIGH-FREQUENCY VENTILATION AND PULMONARY EDEMA 


There was no obvious difference in anatomical pore 
size, nor was there difference in the degree of endo- 
thelial injury, and the epithelium appeared intact by 
both light and electron microscopy during CMV and 
HFOV. The similarity of the static appearance, how- 
ever, does not exclude dynamic differences. Egan (20) 
suggested that alveolar pore size was a function of 
transpulmonary pressure, the pores getting larger with 
lung inflation and not immediately getting smaller on 
deflation. However, ina subsequent study he showed 
that opening pores in the normally tight epithelial 
junctions required gross local overdistention (21). Staub 
(22) also showed that the rate of peribronchial fluid 
cuff formation was faster at high distending pres- 
sures, It is therefore possible that the leak was greater 
during CMV because the peak pressure was higher 
than it was during HFOV. The mean airway pressures 
during the two forms of ventilation were similar until 
the blood-gas tensions began to deteriorate towards 
the end of the experiment. Recently the accuracy of 
the mean airway pressure measured during HFOV 
has been questioned by Saari et al. and Simon et al. 
(8,9) who have found gas trapping during HFOV. In 
the present experiments, there was no evidence of 
gas trapping; the measured mean airway pressure 
was similar to the occlusion (alveolar) pressure. 

We were unable to measure pulmonary intravas- 
cular pressures in the rabbits, but in preliminary ex- 
periments in dogs there was stepwise increase in pul- 
monary artery pressure with each starch injection and 
no significant difference in either pressure or cardiac 
output between the two forms of ventilation. There- 
fore, the average pulmonary vascular pressure did not 
differ. Despite this, the very different patterns of lung 
inflation observed during CMV and HFOV must have 
a considerable effect on pulmonary hemodynamics. 
Jansen et al. (23) have shown, using dogs on me- 
chanical ventilation, that during expiration the cardiac 
output is 40% higher than it is during peak inspira- 
tion. In addition, Smith et al. (24) have shown that 
the relationship between airway pressure and pul- 
monary vascular impedance is exponential, imped- 
ance rising very steeply as airway pressure is in- 
creased. These changes would be reflected in cyclical 
changes in pulmonary microvascular pressure during 
CMV that would be small or absent during HFOV. 

Changes in the interstitial pressure (Pis) may also 
be a significant factor in fluid accumulation on CMV. 
Howell et al. (25) showed that lung inflation causes 
a decrease in interstitial pressure around the extraal- 
veolar vessels and an increase around the alveolar 
vessels. As a result of these pressure changes, Gold- 
berg (26) has suggested that lung inflation may cause 
a shift of fluid from the interstitial space around the 
alveolar vessels to the interstitial space around the 
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extraalveolar vessels. By pumping the fluid out of the 
alveolar interstitial space, the local interstitial pressure 
would remain low, allowing for further accumulation 
of fluid in that space. This transport mechanism would 
not be present with the relatively fixed lung volume 
during HFOV. Under these circumstances, fluid would 
accumulate in the alveolar interstitial space, increas- 
ing the interstitial pressure, thus limiting further 
leakage. 

We conclude that HFOV reduces the rate of edema 
formation and protein leak by acting on either one or 
several factors regulating lung fluid balance. How- 
ever, it must be stressed that these conclusions apply 
to pulmonary edema in rabbits subjected to starch 
embolization. Their relevance to either high-pressure 
or -permeability edema in humans is questionable. 
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Inactivation of Atracurium in Human and Rat Plasma 


Vladimir Nigrovic, MD, Jyoti B. Pandya, MD, Melissa Auen, Bs, and Aron Wajskol, MD 


NIGROVIC V, PANDYA JB, AUEN M, WAJSKOL A. 
Inactivation of atracurium in human and rat plasma. 
Anesth Analg 1985;64:1047-52. 


The contribution of enzyme-catalyzed hydrolysis to inacti- 
vation of atracurium in human and rat plasma was deter- 
mined in vitro by inhibiting the enzyme carboxylesterase 
with triorthotolyl phosphate. The inhibitor was removed by 
centrifugation and aspiration. Atracurium was then added 
to both the control and the inhibited plasma samples, and 
all samples were incubated at 37°C for 45 min. The amount 
of atracurium present in aliquots of plasma was determined 
using a bioassay technique in anesthetized rats. Inactivation 
of atracurium proceeded rapidly in control rat plasma but 
was markedly slowed in samples treated with the inhibitor 
of carboxylesterase. In contrast, the inactivation was slow 


Atracurium, a new nondepolarizing muscle relaxant, 
offers the advantage of intermediate duration of ac- 
tion. This property is ascribed to chemical character- 
istics deliberately built into the molecule (1-10). Struc- 
turally, atracurium can be represented either as a coiled 
molecule, in order to highlight its resemblance to d- 
tubocurarine or metocurine (11), or as a linear, dumb- 
bell-like molecule consisting of an aliphatic chain in- 
terposed between two bulky, quaternary nitrogen 
groups (1). The latter presentation is customarily uti- 
lized to point out the bis-quaternary structure char- 
acteristic of a nondepolarizing muscle relaxant. Sep- 
aration of the two cationic groups by the splitting of 
the aliphatic chain leads to inactivation. By design (1), 
the break can occur on either end of the chain at the 
bond between the terminal carbon atom and the qua- 
ternary nitrogen. This reaction—termed Hofmann 
elimination—is temperature dependent and facili- 
tated by nucleophiles, e.g., hydroxyl groups. In ad- 
dition to Hofmann elimination, hydrolysis at either 
one of the ester sites within the chain was also pos- 
tulated to disrupt the bis-quaternary structure (3,4). 
Thus destruction of the chain by either Hofmann elim- 
ination or ester hydrolysis leads to inactivation of atra- 
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in control human plasma, and inhibition of carboxylesterase 
produced only marginal, if any, effects. We conclude that 
the inactivation of atracurium proceeds, in part, by enzyme- 
catalyzed ester hydrolysis. In species with high enzyme ac- 
tivity in plasma, e.g., the rat, enzyme-catalyzed hydrolysis 
is clearly evident. In humans, the level of enzyme activity 
is low and the contribution of enzyme-catalyzed inactivation 
is less manifest. By exclusion, Hofmann elimination or other 
reactions probably represent the major inactivation pathway 
in humans. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. BIOTRANSFORMATION—enzymatic 
hydrolysis, carboxylesterase. BIOTRANSFORMA- 
TION—-Hofmann elimination. 


curium. Relative contribution of each pathway to the 
overall inactivation of atracurium is not known. 

In previous studies in humans, concentrations of 
atracurium and its metabolites were measured in 
plasma (9,12-14). Excretion of the parent drug and 
the metabolites in the bile and urine of cats has also 
been measured (4). These data, however, cannot be 
used to resolve the issue of the relative contributions 
of Hofmann elimination and ester hydrolysis in the 
inactivation of atracurium. The reason is that, while 
both processes can occur as either the first or the 
second step in the degradation of atracurium, only 
the first step is required for pharmacologic inactivation. 

An opportunity to resolve this question directly 
was Offered by the suggestion of Merrett et al. (3) that 
nonspecific plasma esterases catalyze hydrolysis of 
atracurium. We have tested this suggestion experi- 
mentally in rats (15). The enzyme carboxylic ester hy- 
drolase (carboxylesterase) was inhibited by treating 
the rats with an organophosphorous compound, 
triorthotolyl phosphate (TOTP). We reasoned that by 
decreasing or eliminating the enzyme-catalyzed in- 
activation, we could obtain an estimate of the contri- 
bution of the remaining, spontaneous inactivation via 
Hofmann elimination. Because in treated animals du- 
ration of action of atracurium was markedly pro- 
longed and the recovery rate slowed, we concluded 
that Hofmann elimination does not determine the du- 
ration of action of atracurium in rats. 

Results obtained in rats may or may not be indic- 


1048 ANESTH ANALG 
1985:;64: 1047-52 


ative of the inactivation pathways of atracurium in 
humans. Because application of the same experimen- 
tal method was not permissible in humans, we de- 
cided to study the rate of inactivation of atracurium 
during incubation in untreated human plasma or in 
human plasma previously treated in vitro with an 
inhibitor of carboxylesterase. Selection of TOTP as the 
inhibitor was predicated on the data of Silver and 
Murphy (16). 

Our experimental design was based on the follow- 
ing premise: If the inactivation of atracurium proceeds 
along two pathways, then the inhibition of one path- 
way, viz., the enzyme-catalyzed hydrolysis, should 
slow the process. The fractional amount of atracurium 
left over at the end of incubation should be propor- 
tional to the relative magnitude of the inhibited path- 
way. The larger the contribution of the enzyme- 
catalyzed inactivation, the larger will be the difference 
in the amount of atracurium remaining after incu- 
bation in TOTP-treated plasma as compared to the 
amount remaining in uninhibited (control) samples. 

The validity of our hypothesis and of the experi- 
mental design was first established using rat plasma 
because the rate of inactivation via enzyme-catalyzed 
hydrolysis was known to be high in this species (15). 
Preliminary results of this study have been published 


(17). 


Methods 


Heparinized blood from two healthy male volunteers 
(the authors) was rapidly centrifuged, and the sepa- 
rated plasma was stored at — 70°C in aliquots of 4.5 
ml until utilized (within 10 days). Rat plasma was 
similarly treated except that samples from several an- 
imals were pooled. Plasma samples from either source 
were thawed in Erlenmeyer flasks at 37°C in an atmo- 
sphere of humidified mixture of 5% carbon dioxide 
in oxygen and incubated under the same conditions 
with or without the addition of TOTP (1 ml to 4.5 ml 
of plasma). At the end of 60 min of incubation, TOTP- 
treated samples were centrifuged, and the superna- 
tant plasma was aspirated. Collected plasma was then 
incubated for an additional 30 min to reestablish the 
partial pressure of carbon dioxide and, hence, the pH. 
Five milligrams of atracurium (0.5 ml of a commercial 
solution containing 10 mg of atracurium per ml) was 
added to randomly selected plasma samples without 
interrupting the incubation. The time of addition of 
atracurium was taken as zero time and immediately 
thereafter two aliquots were withdrawn from each 
sample: the first for the bioassay of the amount of 
atracurium present and the other for determination 
of pH and the partial pressure of carbon dioxide. After 


. 
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45 min of continued incubation, two additional ali- 
quots from each sample were obtained for the same 
purpose. Determinations of the amount of atracurium 
present in each of the plasma aliquots, collected either 
at the start or at the end of incubation, were always 
performed in the same rat. The aliquots were injected 
intravenously (1.2 A 

tion. The dose of atracurium injected with the first 
aliquot, collected immediately after the addition of 
atracurium (zero incubation time), was 1.2 mgkg `! 

Male rats were anesthetized by an intraperitoneal 
injection of pentobarbital (60 mg-kg~'). During the 
procedure the rat was positioned on a heated blanket 
to maintain rectal temperature at 37°C. Ventilation 
with room air was established using a rodent venti- 
lator and a short piece of plastic tubing as a trache- 
ostomy cannula. Arterial pressure was obtained using 
a pressure transducer and a catheter inserted in the 
right femoral artery. The adjacent vein was cannu- 
lated for infusion of physiologic saline (0.9% NaCl at 
10.0 ml-kg 'hr ') and injection of drugs. Contrac- 
tions of the left gastrocnemius muscle were recorded 
using a force transducer (Grass FT 10) connected via 
a thread to the free end of the severed Achilles ten- 
don. Preload was adjusted to optimize the contrac- 
tions. The proximal end of the muscle was stabilized 
using a pin inserted into the femur. The left sciatic 
nerve was transected and its distal stump placed on 
a pair of platinum electrodes. Stimulation was per- 
formed using a Grass SS 88 stimulator and a stimulus 
isolation unit (Grass SIU 7) supplying a supramaximal 
square-wave stimulus of 0.2 msec duration at 0.2 Hz. 
The wounds were covered with mineral oil to prevent 
dessication. At the end of the experiment a sample 
of arterial blood was obtained for gas analysis. 

The outputs from the pressure and force trans- 
ducers were recorded on a polygraph. The height of 
the twitch produced by muscle contraction was used 
to quantify and evaluate the following parameters: 1) 
onset of the maximal relaxation, defined as the time 
in seconds between the injection of an aliquot con- 
taining atracurium and the maximal twitch suppres- 
sion; 2) duration of action, defined as time in seconds 
between the injection of an aliquot containing atra- 
curium and the recovery of contractions to 10% of the 
control value; 3) residual twitch activity, defined as 
the smallest mechanical response remaining after the 
injection of atracurium and expressed as percent of 
the preinjection value; and 4) rate of recovery, cal- 
culated as the slope of the straight line connecting the 
peaks of the mechanical responses during the recov- 
ery and expressed as percent of the mechanical re- 
sponse recovered per minute. 

Because our experimental design entails a bioassay 
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Table 1. Dose-Response Relationship for Atracurium in Rats (n = 4) 


Dose of atracurium (mg'kg ') intravenously 


Pooled 

0.3 0.6 L2 2.4 SEM pe 
Onset of maximal relaxation (sec) 60.8 65.3 43.4 34.3 4.1 < 0.0901 
Duration to 10% twitch recovery (sec) í 212 386 23 
Residual twitch activity (% of control) 38.0 22. 1.84 1.05 4.6 < 0.001 
Recovery rate (% recovered per min) 30.2 37.6 30.5 26.5 3.6 0.2 
Body weight (g) 261 280 302 268 12.0 NS 
Arterial pH" 7.42 | 7:30 7.40 0.02 NS 
Arterial Pco, (torr) 29 29 33 3] 1.9 NS 


Four rats were tested in each group and each dose was administered twice to a single animal. See text for details, 

"Probability that the differences in responses produced by different doses of atracurium may be ascribed to a chance observation. NS, not significant. 
‘Residual twitch activity remained above 10% of the preinjection (control) value in seven out of eight observations. 

‘Residual twitch activity was decreased below 10% of the preinjection (control) value in four out of eight observations {mean duration of maximal relaxation 


was 92 sec). 
“Arterial blood was sampled before termination of the experiment. 


of the amount of atracurium present in plasma after 
different incubation periods, we first studied the re- 
lationship between various doses of atracurium and 
the corresponding pharmacologic responses in the test 
animal (dose-response study). A comparison of re- 
sponses produced by known amounts of atracurium 
with those produced by injection of plasma aliquots 
with unknown amounts would permit us to estimate 
the amount of atracurium present in plasma aliquots. 
Skeletal muscle relaxation produced by four doses of 
atracurium (0.3, 0.6, 1.2, and 2.4 mg-kg ' intrave- 
nously) was studied in eight rats. The doses were 
arranged in two pairs (0.3 and 1.2; 0.6 and 2.4 mg-kg ') 
and each pair was administered to four rats. In one 
half of the animals, injection of a larger dose preceded 
the injection of a smaller dose by 45 min. In the other 
half, the order of injections was reversed. Two ad- 
ditional points had to be clarified in preliminary ex- 
periments: was the relaxation produced by the second 
intravenous administration of atracurium into the same 
animal influenced by the preceding injection; and was 
the separation of TOTP from plasma complete or could 
residues of TOTP remaining in and injected with ali- 
quots of plasma alter the response to simultaneously 
or subsequently administered atracurium? To answer 
the first question, five animals were treated with two 
intravenous injections of atracurium (1.2 mg-kg `’) at 
a 45-min interval, and the pharmacologic responses 
were compared. To answer the second question, ali- 
quots (1.2 ml-kg ` ') of control or TOTP-treated human 
plasma were injected intravenously 15 min prior to 
the injection of atracurium (1.2 mg-kg '). 

Statistical analysis was performed using a 2 x 2 
factorial approach (18). The two factors and their lev- 
els were duration of incubation (either 0 or 45 min) 
and enzyme activity (either control or inhibited by 
TOTP treatment). Because the number of observa- 


tions was the same in each of the four experimental 
groups, the design was optimal to determine an in- 
teraction between the duration of incubation and the 
level of enzyme activity. Significant interaction, if de- 
tected, would imply that the inactivation of atracu- 
rium during incubation in plasma was dependent on 
the level of enzyme activity. Thus assuming a mea- 
surable contribution of enzyme-catalyzed hydrolysis 
in the overall inactivation of atracurium, one would 
expect to find the changes ascribable to the two factors 
and to their interaction to be unlikely to have been 
observed by chance (P < 0.05). 


Results 


Statistical analysis of the two preliminary experiments 
showed that there was no difference in responses 
between the two administrations of atracurium and 
that muscle paralysis produced by atracurium was not 
influenced by the preceding injections of either the 
control or the TOTP-treated plasma (data not 
presented). 

The results of the dose-response study are pre- 
sented in Table 1. As in the preliminary experiment 
with equal doses of atracurium, the sequence of in- 
jections of variable doses did not influence the mea- 
sured parameters of muscle paralysis. All observa- 
tions obtained using identical doses were, therefore, 
pooled. The results show that as the dose of atracu- 
rium was increased, residual twitch activity decreased 
and the time interval to the onset of the maximal 
relaxation shortened. Duration of action could not be 
measured reliably for the two lower doses of atra- 
curium because the residual twitch activity remained 
above 10% of the preinjection (control) level; the two 
higher doses produced a progressively increased du- 
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Table 2. Incubation of Atracurium in Rat Plasma (n = 3) 


NIGROVIC ET AL. 


No treatment 


Duration of 


TOTP Treatment 


Duration of 


incubation (min) incubation (min) Pooled 
0 45 45 SEM 
Residual twitch activity? (% of control) Q) 72.0 0 10.6 3.5 
Recovery rate (% recovered per min) 43.6 24.9 $4.5 43.9 6.1 
Body weight (g) 244 240 13 
Arterial pH’ 7.3 7.36 0.04 
Arterial Pco. (torr) 31.3 31.6 2.0 
Plasma pH‘ i 7.34 0.04 


Sramana r r U 
Atracurium was added to untreated or TOTP-treated plasma samples from rats and the samples were incubated for 45 minutes. Aliquots of plasma were 
collected at the start or at the end of incubation (duration of incubation 0 or 45 min, respectively) and injected intravenously to rats. 
“Probabilities that the observed differences among the four groups were due to a chance observation were: for 0 vs 45 min of incubation < 0.001, for no 
treatment vs TOTP treatment < 0.001, and for interaction between these two factors < 0.001. Comparisons among the four groups for other parameters 


were not significant. 
"Arterial blood sampled before termination of the experiments. 


‘Plasma pH was measured at the end of 45 min of incubation with atracurium. 


ration of action. Recovery rate, however, was inde- 
pendent of the injected dose. No single parameter 
was, therefore, completely satisfactory for the defi- 
nition of the dose-response relationship for atracu- 
rium over the whole range of doses tested. The data 
of this study, however, permitted us to select the 
optimal dose of atracurium (1.2 mg-kg ~') and the op- 
timal parameter to be used in the bioassay of atra- 
curium present in aliquots of plasma. We decided to 
rely on measurements of the residual twitch activity 
as the principal parameter of muscle relaxation and 
to resort to other parameters solely to corroborate the 
findings. 

The first experimental series was designed to mea- 
sure the enzyme-catalyzed inactivation of atracurium 
in rat plasma in vitro (Table 2). When the aliquots of 
plasma were removed immediately after the addition 
of atracurium (0 min of incubation) and injected in- 
travenously to rats, the responses were similar and 
independent of the level of enzyme activity (control 
or TOTP-treated plasma). In both groups the twitch 
response was completely abolished and recovered at 
approximately similar rates. At the end of the 45-min 
incubation period, the pH of the incubated solutions 
was 7.3, and there was no difference in pH between 
the control and TOTP-treated plasma samples. Marked 
differences were observed at this time, however, in 
pharmacologic responses to injections of the two sam- 
ples. Injection of an aliquot of control plasma produced 
only a slight inhibition of the evoked contractions. In 
contrast, intravenous administration of an aliquot of 
the incubation mixture containing atracurium incu- 
bated in TOTP-treated plasma produced a marked 
inhibition of the evoked twitch. Statistical analysis 
showed that the changes in residual twitch activity 
ascribable to duration of incubation and to the treat- 
ment of plasma with TOTP were highly significant. 


For the purposes of this study, even more important 
was finding a highly significant interaction between 
the duration of incubation and the TOTP treatment. 
Significant interaction implies that the rate of inacti- 
vation was dependent on whether the incubation was 
performed in inhibited or uninhibited (control) plasma. 
Inactivation of atracurium proceeded at a slower rate 
in TOTP-treated than in control plasma. For reasons 
previously mentioned, utilization of the other param- 
eters did not provide any additional information but 
merely confirmed the findings described earlier. These 
data were, therefore, omitted from Table 2. As was 
found in the dose-response study, recovery rate was 
independent of duration of incubation and TOTP 
treatment. 

Inactivation of atracurium in human plasma was 
studied next (Table 3). Measurements of plasma pH 
before and immediately after the addition of atracu- 
rium and again at the end of incubation showed no 
changes attributable to TOTP treatment, addition of 
atracurium, or duration of incubation. Only the data 
obtained at the end of incubation are presented in 
Table 3. Intravenous injection of incubation aliquots 
collected immediately after the addition of atracurium 
reduced the residual twitch activity to about 1% of 
the preinjection value. The response produced by 
TOTP-treated plasma was comparable to that produced 
by untreated (control) plasma. Injection of plasma ali- 
quots, collected at the end of 45 min of incubation, 
produced a significantly less marked muscle paralysis 
(P < 0.001) as indicated by the presence of sizable 
residual twitch activity in both groups. The re- 
sponses, however, were comparable and indepen- 
dent of TOTP treatment. Interaction between the two 
factors was not present. Recovery rate (Table 3) and 
other measured parameters (data not presented) did 
not differ among the four groups. 


INACTIVATION OF ATRACURIUM IN PLASMA 


kd 
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Table 3. Incubation of Atracurium in Human Plasma (n = 6) 


No treatment 


Duration of 
incubation (min) 


Duration of 
incubation (min) 


TOTP Treatment 


Pooled 


0 
Residual twitch activity’ (% of control) 1.38 
Recovery rate (% recovered per min) 41.0 
Body weight (g) 312 
Arterial pH” 7.40 
Arterial Po, (torr)’ 32.8 
Piasma pH“ 7.42 


4 0 45 SEM 


6.4 
of 
11. 
7 0.03 
7 2.8 
„44 0.04 


{Jt 


30.9 1.20 
42.4 38.3 3 


SO $ 


‘51 





Atracurium was added to untreated or TOTP-treated human plasma samples and the samples were incubated for 45 min. Aliquots of plasma were 
collected at the start and at the end of incubation (duration of incubation 0 and 45 min, respectively) and injected intravenously to rats. 


“Probabilities that the observed differences among the four groups were due to a chance observation were for 0 vs 45 min of incubation, 


< 0.001; fer 


TOTP treatment vs no treatment, 0.439; and for interaction between these two factors, 0.455, Comparisons among the four groups for other parameters were 


nat significant. 
*Arterial blood was sampled before termination of the experiments. 


‘Plasma pH was measured at the end of 45 min of incubation with atracurium. 


Discussion 


Preliminary experiments demonstrated that the de- 
sign of our study was suitable to examine separately 
the postulated inactivation pathways of atracurium in 
human plasma in vitro. The initial step in the deg- 
radation of atracurium, be it either Hofmann elimi- 
nation or ester hydrolysis, leads to pharmacologic in- 
activation of the drug as a muscle relaxant. We studied 
only this initial step and can draw no conclusions 
regarding the roles of either pathways in the subse- 
cuent degradation of the metabolites. 

The higher residual twitch activity observed on in- 
jection of atracurium incubated for 45 min in control 
rat plasma (Table 2) as compared to that incubated in 
control human plasma (Table 3) may be ascribed to 
faster inactivation of atracurium in rat plasma. Be- 
cause temperature and pH values of the incubation 
solutions were comparable, Hofmann elimination most 
likely proceeded at similar rates in plasma samples 
from both species. The faster inactivation in rat plasma, 
therefore, suggests that the inactivation of atracurium 
was facilitated by an additional process, presumably 
the enzyme-catalyzed hydrolysis. The suggestion is 
strengthened by the findings that TOTP treatment 
markedly slowed the inactivation of atracurium in 
plasma with high enzyme activity (rat) but had only 
minimal, if any, effect on atracurium inactivation in 
plasma with presumably lower activity (humans). 

The claim of a dual degradation pathway of atra- 
curium in humans is based only on scant evidence. 
In the experiments of Merrett et al. (3) atracurium was 
incubated in tris buffer or in human plasma. The con- 
centration of atracurium remaining after incubation 
was assayed in mice using a loss of motor activity and 
a decrease in the frequency of breathing as the indi- 
cators of skeletal muscle relaxation. The authors re- 
ported that the mean half-life of atracurium in human 


plasma was approximately 45 min or about 1.8 times 
shorter than in tris buffer. They suggested that the 
faster rate of inactivation in plasma was due to the 
catalytic activity of nonspecific esterases; a role for 
plasma pseudocholinesterase was ruled out (3). To 
our knowledge there is no other evidence to support 
the proposal of enzyme-catalyzed inactivation in hu- 
mans (or animals). We believe that the evidence pre- 
sented by Merrett et al. is inadequate because their 
data are clearly open to a different interpretation: re- 
action of the products of Hofmann elimination with 
compounds present in plasma could have enhanced 
the rate of Hofmann elimination. Thus removal of the 
products of the elimination reaction occurring in plasma 
but not in a buffered solution may be considered as 
an alternative explanation. Our experiments were de- 
signed to circumvent this possibility. 

Inactivation of atracurium in human plasma in vitro 
was slow and was only marginally susceptible to en- 
zymatic catalysis (Table 3). Both findings indicate that 
the activity of carboxylesterase was low and that the 
enzyme-catalyzed hydrolysis probably did not con- 
stitute a major pathway in the inactivation of atra- 
curium. A much larger number of donors would have 
to be studied to infer the role of the enzyme in the 
population at large. 

Several other explanations of our findings with hu- 
man plasma were considered. First, human plasma 
carboxylesterase might not have been inhibited by 
TOTP. Alternatively, atracurium might not be the op- 
timal substrate for the human enzyme or it might be 
an inhibitor of the human but not the rat enzyme. 
Our present data and several reports from the liter- 
ature permit us to reject these alternatives for the 
following reasons: 


1) Our results show that the inactivation of atracu- 
rium proceeded markedly slower in human than 


ANESTH ANALG 
1985;64:1047--52 


1052 


in rat plasma (Tables 2, 3). Determinations of in 
vitro half-life of atracurium incubated in plasma 
from different species (19) also showed a marked 
species variability. Because Hofmann elimination 
may be considered to have proceeded at similar 
rates in plasma from different species, the varia- 
bility presumably reflected the contribution of the 
enzyme-catalyzed ester hydrolysis. 

2) Atracurium was shown to be only a relatively weak 
inhibitor of human red cell acetylcholinesterase or 
plasma pseudocholinesterase (2,20). Although no 
direct information is available for carboxylesterase, 
a similarly weak inhibitory propensity may be 
presumed. 

3) With methyl butyrate as a substrate, the activity 
of carboxylesterase was found to be about 10 times 
higher in rat than in human plasma (21). 
Baraka et al. (22) reported that the duration of skel- 
etal muscle relaxation produced by atracurium was 
not prolonged in a patient poisoned with para- 
thion. Although they did not measure the activity 
of carboxylesterase in plasma, it is plausible to pos- 
tulate that, along with other esterases, the enzyme 
carboxylesterase was inhibited by the organo- 
phosphorous insecticide. The findings of Baraka 
et al. can be explained if enzyme-catalyzed hy- 
drolysis of atracurium represented a minor inac- 
tivation pathway in their patient. 


4 


N” 


We believe that all these findings taken together 
indicate that the role of enzyme-catalyzed ester hy- 
drolysis of atracurium in human plasma is probably 
a minor one at best. By exclusion, Hofmann elimi- 
nation appears to be the dominant inactivation path- 
way in humans. If so, the toxicologic aspects of the 
products of Hofmann elimination deserve detailed ex- 
amination. The issue of possible toxic effects of lau- 
danosine appears to have been satisfactorily resolved 
(9): when used in healthy patients in clinically rec- 
ommended doses, atracurium is unlikely to produce 
toxic levels of laudanosine. The question of possible 
undesirable effects of acrylate (23) generated in vivo 
by Hofmann elimination of atracurium remains to be 
resolved. 





Our special thanks to J. A. Levin, PhD, for providing laboratory 
space and equipment and to Mrs. J. Hakius for excellent help in 
preparation of the manuscript. 
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FLACKE JW, DAVIS LJ, FLACKE WE, BLOOR BC, 
VAN ETTEN AP. Effects of fentanyl and diazepam in 
dogs deprived of autonomic tone. Anesth Analg 
1985,64: 1053-9. 


In contrast to reports of the untoward hemodynamic effects 
of fentanyl and diazepam in intact organisms, we found 
that neither a bolus of 100 pg/kg fentanyl nor the addition 
of intravenous doses of diazepam, up to and including 1 
me/ke (cumulative dose 2 mgikg) caused cardiovascular 
depression in 13 anesthetized dogs after elimination of their 
sympathetic and parasympathetic tone. There were no sig- 
nificant changes in mean arterial blood pressure, cardiac 
output, heart rate, peak left ventricular dP/dt, cardiac filling 
pressures, or Bas vascular resistance. Rapid bolus in- 
jection of 3 mg/kg diazepam (cumulative dose 5 mg/kg) 


caused a significant (P < 0.05) but transient (time to 50% 
recovery less than 2 min) decrease in systemic vascular 
resistance, blood pressure, and dP/dt. When corrected for 
pressure changed (dPidt divided by simultaneous left ven- 
tricular pressure), the decrease in dP/dt did not attain sta- 
tistical significance, nor did changes in cardiac output or 
filling pressures, even after this large dose of diazepam. We 
conclude that previously reported decreases in hemodynamic 
function in subjects with intact autonomic function after 
fentanyl alone, or after the combination of fentanyl and 
diazepam, are indirect in nature, that is, are caused by a 
centrally mediated decrease in vasoregulatory (mainly sym- 
pathetic) outflow from the central nervous system. 


Key Words: HYPNOTICS, BENZODIAZEPINES——diaze- 
pam. ANALGESICS5—fentany]. 


aenant eam aea e anaa amanan amman mamaaa anapiga a a ne TIT 


Clinical investigators have reported minimal effects 
of either diazepam (1) or fentanyl (2—4) upon the car- 
diovascular system when both drugs were used alone 
in doses sufficient to bring about unconsciousness. In 
order to utilize both the hypnosis and amnesia 
produced by the former and the profound analgesia 
caused by the latter, the combination of the two agents 


is frequently used in the anesthetic management of 


patients undergoing cardiac surgery. However, Stan- 
ley and Webster (2) have reported that the adminis- 
tration of 10 mg of diazepam, after the administration 
of 50 ug/kg fentanyl, to patients with mitral valve 
disease caused significant decreases in blood pres- 
sure, secondary to a fall in both systemic vascular 
resistance and cardiac output. 

Similarly, Hoar et al. (5) found a decrease in cardiac 
output and a further decrease in blood pressure and 
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in cardiac output when 0.3 mg/kg diazepam was given 
to patients with coronary artery disease who had pre- 
viously received high doses of morphine. Elevated 
plasma catecholamine levels, which had risen (5) in 
response to morphine-induced vasodilatation (6,7), 
returned to control levels after the addition of the 
diazepam. More recently, Tomicheck et al. (8), in a 
study of the effects of different doses of diazepam (up 
to 0.5 mg/kg) given before administration of 50 wg/kg 
of fentanyl to patients with coronary artery disease, 
found significant (but not dose-dependent) decreases 
in blood pressure, systemic vascular resistance, and 
plasma catecholamines when the fentanyl was added. 
Yet, no cardiovascular changes occurred after fentanyl 
alone, i.e., in the patients who had not been pre- 
treated with diazepam. 

This hemodynamic stability after high doses of fen- 
tanyl alone has not been a universal finding. Our 
laboratory has recently demonstrated a non-dose- 
dependent, marked decrease in cardiovascular func- 
tion, paralleled by decreased plasma catecholamine 
levels when fentanyl was administered to intact dogs 
lightly anesthetized with enflurane (9). Furthermore, 
patients also have been reported to sustain slight to 


moderate decreases in blood pressure when given 
fentanyl alone (3,10), and occasionally severe hypo- 
tension has occurred (11,12), even in the absence of 
vagally induced bradycardia. It has been postulated 
that these episodes are predominantly the result of 
narcotic-induced inhibition of central sympathetic 
outflow (9,11-13). Hence, an essential preexisting 
condition is a high degree of sympathetic tone. 

Reves et al. (14) have reported direct negative ino- 
tropic effects in isolated rat heart muscle from fentanyl 
and diazepam, both singly and in combination. How- 
ever, even with the high concentrations used in vitro, 
no synergistic or “supraadditive” effects of the two 
drugs could be demonstrated, leading the authors to 
speculate that the clinically reported synergistic ef- 
fects might be occurring in the peripheral vascular 
bed rather than in the heart. It seemed to us that 
synergistic effects of the two drugs are just as likely 
to occur within the central nervous system; hence, 
we undertook the present study. The approach was 
to eliminate the central nervous system; the purpose 
was twofold. First, we wanted to ascertain further 
whether previously reported decreases in hemody- 
namic function after fentanyl alone were, in fact, in- 
direct, in which case they should not occur in the 
absence of autonomic outflow from the central nerv- 
ous system. Second, we wanted to determine whether 
or not the combination of fentanyl and diazepam may 
act synergistically to cause direct cardiovascular 
depression, or if the effects reported (2,8,15) are also 
due merely to further central inhibition. In order to 
separate direct from indirect effects mediated via the 
autonomic nervous system, we eliminated parasym- 
pathetic and sympathetic afferent and efferent mech- 
anisms by vagotomy and subarachnoid sympathetic 
block, respectively. 


Methods 


Anesthesia was induced with 20 mg/kg thiopental in- 
travenously in 13 mongrel dogs (weight, 21.3 + 1.0 
kg). After intubation with a cuffed endotracheal tube, 
the dogs were ventilated with enflurane in oxygen 
via a Harvard piston pump to maintain normal blood 
gases and a blood enflurane concentration of 0.97 + 
0.04% as measured by gas chromatography (16). Body 
temperature, measured by an esophageal thermistor 
probe, was maintained.at 38 + 1°C witha warm water 
blanket. Cannulae were inserted into a femoral artery 
and vein for blood pressure measurements, arterial 
blood sampling, and administration of fluids and drugs. 
Lactated Ringer's solution with 5% dextrose was given 
at 100 ml/hr. A catheter tip transducer (Millar, model 
PC3470) was introduced into the left ventricle through 
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the left carotid artery. A flow-directed balloon-tipped 
catheter was placed in the pulmonary artery via the 
right external jugular vein, and ECG electrodes were 
attached. To bring about parasympathetic block, the 
vagus nerves were isolated and cut in the neck. After 
surgical exposure of the posterior cervical region, a 
20-gauge catheter was introduced through the at- 
lanto—occipital membrane and threaded 15-20 cm into 
the thoracic subarachnoid space. Placement of the 
catheter was confirmed by aspiration of spinal fluid. 
After control observations were completed, one per- 
cent tetracaine, in 5 mg increments to a total dose of 
20 mg, was injected into the subarachnoid space. Blood 
pressure decrease in response to the initial injection, 
lack of further decrease after the final 5 mg, and de- 
creases in circulating catecholamines were taken as 
evidence of sympathetic block. Cardiac filling pres- 
sures were restored to prespinal levels with 6% high 
molecular weight dextran. Thirty min were allowed 
for equilibration, and fentanyl (100 wg/kg) was ad- 
ministered as a bolus. 

Starting 10 min after the fentanyl injection, and at 
10 min intervals thereafter, rapid bolus injections 
(< 1 min) of diazepam in increasing dosages from 0.1 
to 3.0 mg/kg were given. Arterial samples for deter- 
mination of plasma norepinephrine (NE) and epi- 
nephrine (EPI) were taken before and after spinal block 
and at intervals throughout the rest of the experiment. 
Hemodynamic measurements were taken before and 
30 min after spinal block, and before and after fentanyl 
and each dose of diazepam. 

Continuous hemodynamic measurements in- 
cluded arterial blood pressure (BP), pulmonary artery 
pressure (PAP), central venous pressure (CVP), left 
ventricular end diastolic pressure (LVEDP), ECG, and 
heart rate (HR). The instantaneous rate of rise of left 
ventricular pressure (dP/dt) and dP/dt over left ven- 
tricular pressure at that instant [(dP/dt)/P] were ob- 
tained electronically. All outputs were amplified and 
continuously recorded on an eight channel Hew- 
lett—-Packard polygraph (series 7758B), which in turn 
was interfaced with a MINC minicomputer (Digital 
Equipment Company, Model 11/23) for on line mon- 
itoring and later plotting (17). Thermodilution cardiac 
output (CO) was determined in triplicate with a Santa 
Barbara cardiac output computer. 

Derived hemodynamic values were cardiac index 
(Cl) = CO/BSA; systemic vascular resistance 
(SVR) = (MAP — CVP) x 80/CO; and systemic vas- 
cular resistance index (SVRI) = SVR x BSA. Plasma 
catecholamine samples were measured by a high per- 
formance liquid chromatography technique devel- 
oped in this laboratory (18) that has recently been 
validated in an international study (19). 


FENTANYL-DIAZEPAM COMBINATION 
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Figure 1. Percent changes (mean + SEM) in hemodynamic data and 
plasma catecholamine levels brought about by vagotomy and tho- 
racic subarachnoid sympathetic block in 13 dogs. Significant de- 
creases (P < 0.05) were observed in mean arterial pressure (MAP), 
rate of rise of left ventricular pressure (dP/dt), and norepinephrine 
(NE), and epinephrine (EPI) values. Changes in heart rate (HR), 
cardiac index (CI), and systemic vascular resistance index (SVRI) 
were not significant. 


All values are reported as mean + SEM. Intragroup 
comparisons were made by analysis of variance for 
repeated measures, followed by Bonferroni's modi- 
fied t-test when P was < 0.05. Drugs used were com- 
mercial preparations of fentanyl citrate (Sublimaze, 
Janssen Pharmaceutica, NY), diazepam (Valium, 
Hoffman—LaRoche, NJ), tetracaine hydrochloride 
(Pontocaine, Breon Laboratories, NY), and thiopental 
sodium (Pentothal, Abbott Laboratories, IL). 


Results 


Percent decreases in cardiovascular parameters and 
plasma catecholamines brought about by subarach- 
noid block are depicted in Figure 1. All hemodynamic 
values, expressed as percent of prespinal levels, de- 
creased. Circulating catecholamines dropped pro- 
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Table 1. Pre-Fentanyl] Hemodynamic Values and Plasma 
Catecholamine Levels’ 


Heart rate 127. 2-5 beats/min 
MAP 89 + 6 mm Hg 
Cardiac index IFE? Limin ems 
Left ventricular T mm Hg 
end diastolic pressure 
Systemic vascular 2135) 2.217 dyne > sec cm "s m? 
resistance index 
Norepinephrine l8 +4 pg/ml 
Epinephrine JEY pg/ml 


“After autonomic blockade but before fentanyl. Values are mean + SEM; 


foundly to 21 + 3% (NE) and 7 + 2% (EPI) of pre- 
spinal levels. Absolute values 30 min later are shown 
in Table 1 and these represent the control levels before 
either fentanyl or diazepam were given. Plasma cate- 
cholamines remained at these low levels throughout 
the experiment, NE being 18 + 3 pg/ml and EPI 
29 + 9 pg/ml at the time when the protocol was com- 
pleted. The mean time from the taking of post spinal, 
prefentanyl control values until the end of the ex- 
periment was 80 + 5 min. 

After autonomic block, fentanyl rapidly given in- 
travenously at a dose of 100 ug/kg had no effect upon 
cardiovascular function, as illustrated in the tracing 
from a representative experiment (Fig. 2). (The slight 
increase in blood pressure seen in this figure was 
probably caused by rapid injection of the 45-ml vol- 
ume of the fentanyl solution.) In the 13 experiments 
performed, this dose of fentanyl did not significantly 
change any of the hemodynamic parameters mea- 
sured, as shown in Table 2. 

Diazepam, given after the fentanyl in divided bolus 
doses of 0.1, 0.3, and 0.6 mg/kg, produced no changes 
in cardiovascular function. One mg/kg of diazepam 
caused small decreases in arterial blood pressure and 
systemic vascular resistance, without changes in car- 
diac output or left ventricular end-diastolic pressure 
(Fig. 3). However, in the group as a whole, these peak 
decreases after 1 mg/kg were not changed signifi- 
cantly from preinjection values, nor were they sig- 
nificantly different from the post-spinal, prefentanyl 
control values (Fig. 4). A dose of 3 mg/kg diazepam 
did cause a significant decrease in blood pressure, 
systemic vascular resistance, and left ventricular dP/dt 
(Figs. 3, 4). However, when dP/dt was corrected for 
the effect of the blood pressure fall (by dividing peak 
dP/dt by the instantaneously developed isovolumic 
left ventricular pressure), the decrease was no longer 
significant. Even with this highest dose of diazepam, 
the hemodynamic changes were transient (Fig. 5), 
and complete recovery took place except in one dog 
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Figure 2. Tracing from a single experiment demonstrating the ef- 
fects of 100 ug/kg fentanyl, given intravenously over 1.5 min to an 
autonomically blocked dog. Plasma catecholamines (NE and E} 
arterial blood pressure (AP), heart rate (HR), dP/dt, cardiac output 
(CO), and central venous pressure (CVP) are shown from the top 
down. No changes were seen except for a very slight and transient 
blood pressure rise. Compare with Figure 6. 


which had persistent hypotension and eventually died 
after the largest dose of diazepam. (This dog had fever 
at the beginning of the experiment (42.5°C esophageal 
temperature) and was found to have bronchopneu- 
monia at postmortem.) In all other animals cardio- 
vascular values had returned to postspinal contro! 
values at the end of the experiment. 


Discussion 

Although it is well established from laboratory and 
clinical reports that potent opioid analgesics some- 
times cause a decrease in blood pressure, cardiac out- 
put, or both (2,9-13), and that the addition of diaze- 
pam to these compounds increases both the incidence 
and the severity of these hemodynamic events 
(3,5,8,15), it has been unclear whether the reported 
“synergistic” effects were direct or indirect, and what 
the mechanisms of these effects might be. This study 
demonstrates that in dogs in which central autonomic 
outflow had been eliminated, 100 ug/kg fentanyl caused 
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Table 2. Percent Changes From Fentanyl, 100 pg/kg" 


Heart rate ~4 + 1% 

MAP +10 + 2% 

Cardiac index -2 + 3% 

Left ventricular 0 + Q torr 
end diastolic pressure 

Systemic vascular 1 Bh 
resistance index 

dP/dt +6 + 3% 


*Percent changes in values from before to after fentanyl. Values are mean 
* SEM; n = 13. No changes are statistically significant. 
"Instantaneous rate of rise of left ventricular pressure. 


no cardiovascular depressant effects (Fig. 2). In con- 
trast, in our earlier series (9) in autonomically intact 
dogs anesthetized with enflurane—nitrous oxide, even 
one-tenth the dose of fentanyl caused a profound de- 
crease of hemodynamic function (Fig. 6). In the pres- 
ent study, subsequent divided doses of diazepam up 
to and including 1 mg/kg also had no effect in these 
autonomically blocked dogs. Only with a bolus of 3 
mg/kg diazepam, certainly an amount much larger 
than that used clinically, were depressant effects seen; 
that is, marked but transient hypotension secondary 
to vasodilatation brought about by decreased periph- 
eral vascular tone. One might think that the decline 
in left ventricular dP/dt indicates that this large dose 
had some effect on cardiac function also, but this is 
spoken against by the fact that cardiac output did not 
decrease, LVEDP did not increase, and the change in 
dP/dt was not significant when an attempt was made 
to correct for the known effect upon this parameter 
(20) of the substantial decrease in arterial pressure. 
At any rate, the net physiologic effect of the decrease 
in systemic vascular resistance (SVR) was to allow 
cardiac function (output) to remain intact. From these 
studies we conclude that previously reported de- 
creases (2,5,8—13,15) in cardiovascular function after 
fentanyl or clinically administered doses of diazepam 
in intact patients and animals must have been indirect 
in nature, that is, mediated by the autonomic nervous 
system. The role that reflex stimulation of the sym- 
pathoadrenal system plays in counteracting the direct 
depressant circulatory effects of anesthetic agents was 
pointed out for diethyl ether in 1953 by Brewster et 
al. (21) and has been aptly summarized by Price (22). 
However, the opposite side of the coin, i.e., the in- 
volvement of autonomic mechanisms, mainly central, 
in indirectly bringing about “depressant” effects of 
anesthetic drugs has not been as well characterized. 

In addition to their central vagotonic effects, opioids 
are well known to act upon central adrenergic mech- 
anisms in an inhibitory manner (9,12,23). Generally, 
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Figure 3. Representative tracing from a 
single expe riment demonstrating the ef- 
fects of bolus doses of 0.6, 1.0, and 3.0 
mg/kg diazepam. From the top down are 
arterial pressure (mean pressure is dis- 
plaved during peak changes), left ventric- 
ular diastolic pressure, cardiac output, and co 23 
systemic vascular resistance. l/min) 
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Figure 4. Mean + SEM hemodynamic values (13 experiments). First 
points shown are the postspinal or prefentanyl control values. Other 
peints are before and after (peak responses) fentanyl and before 
and after (peak responses) increasing doses of diazepam. From the 
top down are heart rate, mean arterial pressure, systemic vascular 
resistance index, peak dP/dt, peak dP/dt divided by instantaneous 
left ventricular pressure, and cardiac index. Starred values (*) are 
significantly different (P < 0.05) from postspinal control values; 
these significant decreases ia mean arterial pressure, systemic vas- 
cular resistance index, and dP/dt occurred only after the largest 
dose (3 mg/kg) of diazepam. 


however, the resultant inhibition of central sympa- 
thetic outflow is counteracted by stimulatory effects 
from higher brain centers, as well as from ascending 
afferents, such as pain, temperature, and chemore- 
ceptor fibers (12). For example, it is well known that 
both the respiratory depression and the hypotension 
seen in a narcotized but not profoundly depressed 
patient can be temporarily reversed to some extent 
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Figure 5. Time interval to 50% recovery of blood pressure decreases 
after 0.6, 1.0, and 3.0 mg/ ikg diazepam. For the first two doses, 
n = 13. For 3.0 mg/kg, n = 12, as one dog did not recover. 


by verbal and tactile stimulation. The fact that the 
addition of an anesthetic or hypnotic, such as nitrous 
oxide, thiopental, or diazepam, will then cause de- 
creases in hemodynamic function, even if the opioid 
alone has not, is probably related to the ability of the 
latter drugs to eliminate these stimulatory mecha- 
nisms by deepening the central nervous system 
depression. That is, these drugs complete the putting 
to sleep process. A more remote possibility is that 
diazepam itself is more directly involved in central 
opiate mechanisms. In fact, some investigators (24,25) 
have reported that naloxone is able to reverse the 
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Figure 6. Tracing from a single experiment illustra ting the response 
to an injection of 10 ug/kg fentanyl, given intravenously over 30 
sec to an intact animal anesthetized with enflurane and nitrous 
oxide. Note the marked hemodynamic response to this small dose 
in this autonomically intact dog in contrast to the lack of changes 
after the 10-fold larger dose in the animal deprived of autonomic 
tone shown in Figure 2. (This figure is reproduced from (9) with 
permission. ) 


effects of diazepam upon the central nervous system; 
however, these findings have not been confirmed by 
others (26). 

Regardless of the exact mechanism of the interac- 
tion, the distinction between efforts that occur be- 
cause of inhibition of sympathetic outflow and those 
secondary to direct organ or system depression is an 
important one. Unlike direct drug effects, indirect ones 
would not be expected to exhibit typical dose-response 
relationships, and, indeed, such was the finding for 


diazepam in the study by Tomicheck et al. (8). On 


the contrary, both the incidence and the magnitude 
of autonomically mediated drug actions will depend 
upon the degree of preexisting autonomic activity; 
that is, these effects may be exaggerated in hyper- 
adrenergic states brought about by fear, pain, hy- 
povolemia, chronic hypertension, or congestive heart 
failure. In addition, centrally mediated decreases in 
hemodynamic function, unlike direct peripheral ef- 
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fects, are likely to be accompanied by decreased met- 
abolic demands. Therefore, affected organs are less 
likely to have the ratio of oxygen supply to oxygen 
demand disturbed, resulting in a lesser incidence of 
tissue damage. 

Finally, the normal cardiovascular system can func- 
tion quite well in the absence of sympathetic tonic 
stimulation, as shown by the fact that complete gan- 
glionic or adrenergic receptor block is compatible with 
normal hemodynamics, as long as postural changes 
are avoided (27). This demonstrates the most impor- 


tant difference between centrally and peripherally de- 
pressant drugs; the maximum effect of a centrally act- 
ing agent is the reduction of neurogenic outflow to 
zero, with the consequences described above. In con- 
trast, the depression by peripherally acting drugs is 
dose-dependent and can extend to well below the 
level set by withdrawal of neurogenic tone. 
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Electrophysiologic effects of halothane and enflurane in the 
presence of a normal pH and during metabolic acidosis were 
examined in isolated rabbit hearts perfused at a constant 
rate. During exposure to a normal pH, both halothane and 
enflurane produced concentration-dependent suppression of 
sinus node automaticity and atrioventricular conduction. 
Intraatrial and intraventricular conduction times during 





constant pacing were slightly but significantly prolonged 
by these anesthetics at 2 MAC. The magnitudes of these 
electrophysiologic changes were similar with halothane and 
enflurane when compared at the same MAC. These electro- 
physiologic effects became more marked during metabolic 
acidosis (pH 6.9). These results suggest that enflurane and 
halothane have direct depressant actions on the cardiac con- 
duction system and that these electrophysiologic effects may 
be augmented by metabolic acidosis. 


Key Words: ANESTHETICS, vo.atite—halothane, 
enflurane. HEART, conduction systems. 
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Many clinical reports indicate that several volatile an- 
esthetics produce cardiac arrhythmias such as sinus 
bradycardia, atrioventricular conduction block, and 
arrhythmias resulting from disturbances in automa- 
ticity, conduction, or both (1-6). There are also many 
studies in which electrophysiologic effects of volatile 
anesthetics have been evaluated in intact animals (7-10). 
However, in these in vivo studies the direct action of 
the anesthetics may have been modified by alterations 
of central autonomic tone because these agents also 
affect vagal and sympathetic tone (11). Hemodynamic 
changes, including a decrease in coronary perfusion 
pressure after the induction of volatile agents, might 
also influence electrophysiologic events. Therefore, in 
the present study the direct effects of halothane and 
enflurane, two inhalation anesthetics frequently used 
in clinical settings, on the automaticity and the con- 
duction system were examined and compared in iso- 
lated rabbit hearts perfused at a constant flow rate. 
Another purpose of the present study was to deter- 
mine whether the electrophysiologic actions of these 
agents are modified by acidosis, because acidosis re- 
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portedly influences the electrophysiologic properties 
of the cardiac conduction system (12-14). 


Methods 


Thirty-two rabbits of either sex weighing 1.7-2.5 kg 
were given heparin intravenously (300 units/kg) be- 
fore being sacrificed by a blow on the head. Their 
hearts were removed immediately and immersed in 
a modified Tyrode’s solution with the following com- 
position (mM): NaCl, 128; KCl, 5; MgCl, 0.5; 
NaH>PO,, 0.4; NaHCO, 22; CaCl, 1.8; and glucose, 
5. After extraneous fat and connective tissue were 
removed, the heart was perfused, according to a non- 
circulating Langendorff technique, with the salt so- 
lution equilibrated with 95% O, + 5% CO, (pH 
7.441 + 0.013) at 37 + 1°C. The acidic solution had 
the same composition as the normal solution with the 
exception of NaHCQO;, 8 mM, and NaCl, 142 mM. 
This solution, also equilibrated with 95% O, + 5% 
CO, had a pH of 6.89 + 0.01. The perfusate was 
pumped by a peristaltic pump (Tokyo Rika MP-1011) 
at a constant rate of 20 ml/min. 

Halothane and enflurane were introduced into a 
reservoir of Tyrode’s solution through calibrated va- 
porizers (Flotec Mark 3, Enflutec Mark 3), which were 
set for 1 or 2 MAC using the oxygen—carbon dioxide 
mixture as a carrier gas. The actual concentrations of 


HALOTHANE AND ENFLURANE ON CARDIAC CONDUCTION 


halothane and enflurane in the perfusate were deter- 
mined by gas chromatography (Shimadsu Gas Chro- 
matograph GC-4A PTF). The perfusate was sampled 
from the perfusion line at the level just above the inlet 
to the heart. No measurable amount of anesthetic was 
detected in the perfusate during the control periods. 
During the exposure to anesthetics, concentrations in 
the perfusate were as follows: halothane, 5.0 + 0.7 
mg/dl at the 1 MAC setting, 9.3 + 1.1 mg/dlat2 MAC; 
enflurane, 11.3 + 2.4 mg/dl at the 1 MAC setting, 
20.3 + 4.6 mg/dl at 2 MAC. 

Two bipolar plunge wire electrodes were inserted 
into the left atrium and the apex. They were used as 
stimulus electrodes for the atrial and ventricular pac- 
ing at a rate of 180 beats/min. Pacing stimuli were 
rectangular pulses of 2 msec duration and slightly 
above the threshold, which were delivered from an 
electronic stimulator (Nihon Kohden SEN-3101) 
through an isolation unit (Nihon Kohden $S-101J). 
Three bipolar electrodes were inserted into the right 
atrium, the ventricular septum, and the left ventricle 
posterior wall in order to record intramyocardial elec- 
tric activities. Bipolar electrograms obtained from these 
electrodes were amplified by a DC amplifier (San-ei 
Sokki 1236) at a time constant of 0.001 sec, and dis- 
played on a memory oscilloscope equipped with a 
microcomputer (San-ei Sokki 2G56). These recordings 
were stored on a four-channel magnetic tape recorder 
(Sony DFR-3515) at a tape speed of 19 cm/sec and 
were replayed at a speed of 1.9 cm/sec for detailed 
analysis and for transfer to a photographic recorder 
(San-ei Sokki Visigraph 5L). This method allowed us 
to measure the following time intervals with an ac- 
curacy in a range of + 0.2 msec when the deflection 
of the bipolar electrogram remained sharp. The in- 
terval between the two successive bipolar electro- 
grams recorded from the right atrium during spon- 
taneous firing was designated as sinus cycle length 
(SCL). Under the constant atrial pacing, the time in- 
tervals from the stimulus artifact to the peak of the 
bipolar electrograms, which were recorded from the 
right atrium and the ventricular septum, were des- 
ignated as intraatrial conduction time (IACT) and 
atrioventricular conduction time (AVCT), respec- 
tively. The time interval between the stimulus artifact 
and the ventricular electrogram, 1.e., intraventricular 
conduction time (IVCT), also was measured during 
the constant ventricular stimulation. 

Thirty-two hearts were divided into four groups: 
hearts perfused with the normal solution containing 
halothane (n = 8) or enflurane (n = 8), and hearts 
perfused with the acidic solution containing halo- 
thane (n = 8) or enflurane (n = 8). After an equili- 
bration period of 30 min, control measurements were 
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Figure 1. Effects of halothane and enflurane on sinus cycle length 
(SCL) in the absence or presence of acidosis. Changes in SCL are 
on the ordinates. H1, H2, El, and E2 represent 1 MAC, 2 MAC of 
halothane, 1 MAC and 2 MAC of enflurane, respectively. SCL 
prolongation after acidosis alone is represented by A. Symbols: *, 
significant difference (P < 0.05) from control (baseline) values; *, 
significant difference from the values after acidosis. 


made, and the hearts were perfused for 30 min with 
the medium containing low (1 MAC) or high (2 MAC) 
concentrations of anesthetics. In the studies of aci- 
dosis, the hearts were perfused with the acidic so- 
lution for 30 min prior to the introduction of the an- 
esthetics. As separately confirmed from observations 
of four hearts, a 2-hr perfusion without any anes- 
thetics produced no significant changes in any of the 
parameters. 

All data are presented as mean values + standard 
errors. Changes in time intervals from baseline values 
after acidosis or the exposure to anesthetic agents 
were analyzed by the paired t-test. Statistical signif- 
icance was assumed present when probability esti- 
mates decreased below the 5% level. 


Results 


The baseline values of estimated time intervals from 
32 hearts were as follows: SCL, 358.1 + 16.8 msec; 
LACT, 24.9 + 1.3 msec; AVCT, 87.0 + 2.9 msec; and 
IVCT, 20.9 + 2.2 msec. There were no significant 
differences in any of these time intervals among the 
four subgroups. 

Halothane (H) and enflurane (E), both produced 
concentration-dependent prolongation of SCL, and 
the prolongation was augmented in the presence of 
metabolic acidosis (Fig. 1). Enflurane at 1 MAC (E1) 
and 2 MAC (E2) significantly increased SCL by 
13.4 + 2.5% and 19.4 + 2.3%, respectively. The in- 
creases were similar to those produced by halothane 
at 1 MAC (H1) and 2 MAC (H2). Acidosis (A) was 
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Figure 2. Changes of atrioventricular conduction time after halo- 
thane (left panels) and enflurane (right panels) in the absence (upper 
panels) or presence of acidosis (lower panels). C and A indicate bi- 
polar electrograms recorded during the control period and after 
metabolic acidosis, respectively. H1, H2, El, and E2 are the same 
as in Figure 1. Note that atrioventricular conduction times, the time 
intervals between stimulus artifact of the left atrial pacing impulse 
(st) and bipolar electrogram of ventricular septum (sep), were dose- 
dependently prolonged by these anesthetics, and the prolongation 
was augmented in the presence of acidosis. 


with a significant increase in SCL (13.0 + 3.2%) and 
potentiated the prolongation of SCL induced by the 
volatile anesthetics. 

Enflurane and halothane also produced concentra- 
tion-dependent prolongation of AVCT, and these ef- 
fects were augmented in the presence of acidosis. 
Figure 2 shows representative examples of AVCT pro- 
longation after E or H when pH was normal and low. 
Halothane and enflurane prolonged AVCT to the same 
extent at equal MAC levels (Fig. 3). Acidosis alone 
significantly increased AVCT from 88.7 + 3.0 msec 
to 101.4 + 2.4 msec in 16 hearts (P < 0.01). Increases 
in AVCT during the exposure to H or E were en- 
hanced by acidosis. 

Effects of these anesthetics on IACT and IVCT are 
summarized in Tables 1 and 2. Although neither [ACT 
nor [VCT was significantly affected by 1 MAC of these 
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Figure 3. Effects of halothane and enflurane on atrioventricular 
conduction time (AVCT) in the absence or presence of acidosis. 
Changes in AVCT are on the ordinates in msec. Abbreviations are 
the same as in Figure 1. Symbols: * and & indicate statistical sig- 
nificance (P < 0.05) from the control values and the values after 
acidosis, respectively. 


anesthetics in the presence of normal pH, these con- 
duction times were slightly but significantly increased 
by 2 MAC of both anesthetics. Acidosis also slightly 
prolonged IACT and IVCT by 2.2 + 0.5 msec and 
3.9 + 0.9 msec, respectively. Under acidic conditions, 
either IACT or IVCT was significantly increased from 
the preanesthetic values by 1 MAC of these anes- 
thetics. Thus changes after anesthetics in IACT and 
IVCT, as well as AVCT and SCL, were augmented in 
the presence of acidosis. 


Discussion 


The principal findings of the present study can be 
summarized as follows. Automaticity of the sinoatrial 
node and conduction of the atrioventricular node were 
depressed in a concentration-dependent manner by 
enflurane and halothane in isolated Langendorff- 
perfused rabbit hearts. These anesthetics slightly but 
significantly impaired intraatrial and intraventricular 
conduction at higher concentrations (2 MAC). The 
magnitude of electrophysiologic changes associated 
with enflurane were similar to those observed with 
halothane when compared at equal MAC levels. Met- 
abolic acidosis (pH 6.9) augmented the electrophys- 
iologic effects of the volatile anesthetics. 

Studies of the direct effects of volatile anesthetics 
on the automaticity of the sinoatrial node have 
produced variable results. Krishna and Paradise (15), 
for example, found that enflurane elicited a concen- 
tration-dependent increase in heart rate, whereas hal- 
othane decreased heart rate at lower concentrations 
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Table 1. Effects of Halothane and Enflurane on Intraatrial Conduction Time (msec) in the Absence or Presence of 


Metabolic Acidosis 


cree Tarts -rE ROTEL WTO Ir Po EE EEEE PEPE PPS EEEE Atte ens AAA AN nar aa 


Control Acidosis 1 MAC 2 MAC 
H (n = 8) 23.4 + 2.( = 23.8 + 2.0 25.7 + 2.3" 
A+H (n = 8) 25.6 + 1.1 27.7 + 0.9" 29.6 + 1.1% 32-95 a 
E (n = 8) 26.2 + 1 = 27.8 + 1.6 32.1 + 2.3" 
A+E (n = 8) 24.4 + 0.7 26.8 + 1.1 28.4 + 0.9% 37.3 + 4.0" 


Abbreviations: H, halothane; E, enflurane; A, acidosis. 
Values are expressed as mean + SEM. 

P < 0.05 from the control values. 

‘P < 0.05 from the values after acidosis by paired t-test. 
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Table 2. Effects of Halothane and Enflurane on the Intraventricular Conduction Time (msec) in the Absence or Presence 


of Metabolic Acidosis 





Control Acidasis 1 MAC 2 MAC 
H (n = 8) 19.1 + 2.4 = 19.6 + 2.0 23.1 + 2.2 
A +H (n = 8) 24.6 + 2.4 27.0 + 2.3" 30.1 > 1S" 33.4 + 1.3% 
E (n = 8) 18.7 + 2.5 abe 21.0 + 2.5 25.2 + 2:4" 
A +E (n = 8) 21.3 £ 1.7 26.6 + 2.3% 28.3 + 2.32 33.8 + 2.2"! 


Abbreviations: H, halothane; E, enflurane; A, acidosis. 
Values are expressed as mean + SEM. 

‘P < 0.05 from the control values. 

*P < 0.05 from the values after acidosis by paired t-test. 


and increased it at higher concentrations in isolated 
rat atrial preparations. They also demonstrated that 
these effects were not blocked by propranolol or atro- 
pine. In contrast, earlier studies (16-18) and a recent 
report (19) showed that halothane and enflurane sup- 
pressed automaticity of the sinoatrial node. Our re- 
sults are in line with the latter findings. Both anes- 
thetics suppressed sinoatrial node function to the same 
extent at equal MAC levels, but, because our studies 
were done in vitro, we know the suppression does 
not involve influencing the tone of the autonomic 
nervous system. Like the in vivo studies by Atlee et 
al. (8-10), our study shows that halothane and en- 
flurane also produced concentration-dependent pro- 
longation of atrioventricular conduction in isolated 
rabbits hearts. Because it is well known that the action 
potentials of these cardiac tissues depend largely on 
Ca** influx via slow channels, the observed inhibitory 
effects on these anesthetics may stem from the block- 
ing action on the slow channels, as suggested by Lynch 
et al. (20). However, Bosnjak and Kampine (19) have 
suggested that the negative chronotropic effect of hal- 
othane and enflurane cannot be explained solely on 
the basis of the inhibitory action on the slow ionic 
current because it was not reversed by increasing ex- 
tracellular calcium concentrations. 

Halothane reportedly increases His—Purkinje and 
ventricular conduction times in dogs (10). However, 
Atlee et al. reported that 2 MAC of enflurane failed 
to affect the His—Purkinje and ventricular conduction 


time, which might mean less possibility of the occur- 
rence of arrhythmias with enflurane than with halo- 
thane (9,21). In the present study, 2 MAC of these 
anesthetics slightly but significantly increased the in- 
traatrial and intraventricular conduction times to the 
same extent. Some controversy exists as to whether 
halothane depresses the maximum upstroke velocity 
of phase 0 (Vinax), one of the major determinants of 
conduction velocity, in fast-response fibers such as 
Purkinje fibers and ventricular muscles. Hauswirth 
(22) demonstrated that 2% halothane depressed V max 
in sheep Purkinje fibers. However, Lynch et al. (20) 
and Purnet et al. (23) reported that neither enflurane 
nor halothane depressed Vmax in canine Purkinje fi- 
bers and guinea pig ventricular muscles. Whether or 
not these anesthetics depress Vma and conduction 
velocity in fast response fibers must be defined by 
further experimentation. 

Acidosis has been reported to depress sinus node 
automaticity (12) and to decrease conduction velocity 
and Vmax in Purkinje and ventricular muscle fibers 
(13,14). These depressant effects may be ascribed to 
the inhibitory action of hydrogen ions on inward Na+ 
and Ca?’ currents (24). In the present study, meta- 
bolic acidosis (pH 6.9) increased the depressant action 
of volatile anesthetics on the cardiac conduction sys- 
tem. Therefore, the inhibitory action of these anes- 
thetics on slow and fast channels may be augmented 
under acidic conditions, although the underlying 
mechanism remains unclarified. 
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The results presented here indicate that enflurane 


and halothane have a direct depressant action on the 
cardiac conduction system, and it can be augmented 
in the acidic condition. These actions may be poten- 
tially deleterious to the heart with impaired auto- 
maticity or conduction, especially when it is under 
acidosis. 
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Morphine Kinetics and Kidney Transplantation: 


Morphine Removal is Influenced by Renal Ischemia 
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Dene Baldwin, MLSO, Michael Allen, BSc, Christopher Hand, BSc, Henry McQuay, FFARCS, 


and Peter Morris, PhD, FRACS, FRCS 


SEAR J, MOORE A, HUNNISET A, BALDWIN D, 

ALLEN M, HAND C, McQUAY H, MORRIS P. Morphine 
kinetics and kidney transplantation: morphine removal is 
influenced by renal ischemia. Anesth Analg 
1985;64:1065-—70. 

Morphine plasma concentrations were determined in six 
patients receiving kidney transplants from living-related 
donors, and nine patients recetving kidney transplants from 
cadavers. The total cold ischemic time was about 2 hr for 
kidneys from ltving-related donors and 14 hr for those from 
cadavers. After an intravenous bolus dose of morphine, plasma 
morphine concentrations decreased to a plateau that lasted 


A number of reports have indicated that morphine 
has greater effect in patients with renal dysfunction 
(1-4). Recent publications that have examined the ki- 
netics of morphine and its congeners in renal failure 
(2,5-9) have, with one exception (10), concluded that 
the kidney has an important role in morphine elim- 
ination, although the mechanism remains obscure. 
Both kinetic (11) and biochemical (12) evidence sug- 
gest that the liver is unlikely to be involved in mor- 
phine removal from plasma, except at high plasma 
concentrations (13). 

Previous studies (5) of morphine kinetics during 
and after renal transplant operations showed that 
plasma morphine concentrations decreased to a pla- 
teau between 500 and 1000 nmol/L soon after bolus 
intravenous injection. The plateau phase ended when 
the transplanted kidney began to function after the 
period of cold ischemia. The previous study was con- 
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for several hours; morphine elimination resumed when the 


transplanted kidney began to clear creatinine. The duration 
of the total cold ischemic time was significantly related to 
both the duration of the plateau in morphine concentration 
(P = 0.008) and the first postoperative day creatinine clear- 
ance (P = 0.021). Morphine elimination half-life after the 
plateau was related to first postoperative day creatinine 
clearance (P < 0.001). It was concluded that morphine 
elimination depended upon intact renal function. 


Key Words: ANALGESICS—morphine. PHARMA- 
COKINETICS—morphine. 


ducted mainly on patients receiving transplants from 
living-related donors, where the cold ischemic time 
was relatively short; it suggested that different con- 
ditions applied to operations using transplanted kid- 
neys from cadavers, where cold ischemic times may 
be prolonged. 

This study compared morphine plasma concentra- 
tions in 15 patients undergoing renal transplantation 
with kidneys from either living-related donors or ca- 
davers. At the start of the procedure the patients have 
no functioning renal tissue, but at some time after- 
wards they have a healthy, functioning kidney. The 
effect of a rapid reversal of pathophysiology on mor- 
phine kinetics can thus be safely and ethically studied 
in such patients. The effects of differences in the total 
cold ischemic time (TCIT) before renal revasculari- 
zation on both morphine kinetics and the functioning 
of the transplanted kidney over the first postoperative 
day were examined. 


Patients and Methods 


Patients undergoing renal transplantation gave in- 
formed consent, and the study was approved by the 
local hospital ethics committee. All patients were suf- 
fering from end-stage renal failure and were receiving 
treatment by either hemodialysis or continuous am- 
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bulatory peritoneal dialysis; patients were dialyzed 
within 12 hr of the start of anesthesia. Four of the 
patients were insulin-dependent diabetics who re- 
ceived a pancreatic transplant during the same op- 
eration as the renal graft. Six patients (four receiving 
kidneys from living-related donors, two receiving ca- 
daveric grafts) were receiving antihypertensive ther- 
apy (either vasodilators or -adrenergic blocking drugs). 

Patients were premedicated with 10-15 mg oral di- 
azepam 2 hr before surgery. Anesthesia was induced 
with thiopental, 4 mg/kg, and the trachea was intu- 
bated after neuromuscular relaxation with d-tubocu- 
rarine, 0.5 mg/kg, or vecuronium, 0.1 mg/kg. Main- 
tenance of anesthesia was with 60% nitrous oxide in 
oxygen, supplemented with halothane (less than 0.5%) 
or enflurane (less than 0.2%). Ventilation was to nor- 
mocapnia using the Bain circuit with a fresh gas flow 
of 70 ml - kg ' -+ min”! and a tidal volume of 10 ml/kg. 

After induction, when blood pressure and heart 
rate were stable, a single dose of 10 or 20 mg morphine 
sulphate pentahydrate (diluted to 10 ml with 0.154 
mol/L saline) was injected into a flowing peripheral 
infusion over 20 sec. All sample times were taken from 
the end of the injection. Central venous samples (1 
ml) were collected at regular intervals to 3 hr, and 
then as appropriate to 1440 min (24 hr). Blood was 
collected into tubes containing lithium heparin anti- 
coagulant, and the plasma was separated by centrif- 
ugation and stored frozen until analysis. 

During the operation 0.154 mol/L saline was in- 
fused at 10-20 ml -kg '- min`'!, sufficient to in- 
crease the central venous pressure to 10-12 cm water 
by the time of renal revascularization. The diabetic 
patients also received intravenous dextrose and in- 
sulin as appropriate to maintain blood glucose con- 
centrations of 8-10 mmol/L. 

Renal transplantation was performed through a loin 
incision with the donor graft anastomosed extraper- 
itoneally to the iliac vessels. In the four diabetic pa- 
tients, the pancreatic graft was placed intraperito- 
neally in the opposite iliac fossa. TCIT was defined 
as the time from cessation of perfusion of the donated 
kidney to the time of release of the vascular clamps 
in the recipient. 

At the end of surgery, neuromuscular blockade was 
reversed with atropine, 1.2 mg, and neostigmine, 2.5 
mg, intravenously, and the patients breathed 28% 
oxygen via face mask for 12 hr. Postoperative anal- 
gesia was provided by 50-75 mg intramuscular me- 
peridine as required. 

Plasma morphine concentrations were measured 
by specific radioimmunoassay (14), and plasma and 
urine creatinine using the IL 919 analyzer. Creatinine 
clearance was calculated for the first postoperative 
day using a 24-hr collection of urine, commencing at 
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Table 1. Demographic Variables 








Kidney Origin 





Living-Related Cadaver 
(n = 6) (n = 9) 
Age (yr) 335 5.7 IF 2238 
Weight (kg) US ES 67.3 + 4.3 
Urea (mmol/L) 19.6 + 2.9 18.1 + 2.5 
Creatinine (umol/L} 742 + 81 836 + 74 
Albumin (g/L) 40.2 + 2.4 41.4 + 1.3 
Total protein (g/L) 67.3 > 3.6 10.7 = 2.1 
Aspartate transaminase (mU/L) e 2S 16.0 + 4.2 
Hemoglobin (g/dl) LO 8 ALT 9.4 + 0.6 


ee aa ee a e OSE a ne ee 
There were no significant differences between the two patient groups 
using the Mann-Whitney Li-test. 


the end of surgery. The area under the concentra- 
tion-time curve for 24 hr after morphine injection 
(AUC).24) was calculated by the trapezoidal rule and 
plasma clearance of morphine calculated by division 
of the dose by AUC, 24. The terminal half-life of mor- 
phine was determined by linear regression analysis 
using sample points after the plateau phase. The du- 
ration of the plateau phase was defined as the interval 
between the time of morphine injection and the time 
of the first sample that had a morphine concentration 
lower (by more than twice the coefficient of variation 
of the assay) than the plateau concentration. 

The ability of human whole heparinized blood or 
heparinized plasma to hydrolyze morphine-3-gluc- 
uronide was tested. Plasma samples obtained from a 
healthy male volunteer were incubated with 200, 2000, 
or 20,000 nmol/L of morphine-3-glucuronide (Sigma, 
Poole, Dorset) at 37°C for up to 5 hr with and without 
addition of B-glucuronidase (B-D-glucuronide glucu- 
ronohydrolase, EC.3.2.1.31, Type VII from Escherichia 
coli, Sigma, London). Samples were removed before 
the incubation commenced, and at various times 
thereafter for morphine assay (14). Mean data are 
quoted throughout, together with the standard error 
of the mean (SEM). Statistical analysis was with the 
Mann-Whitney U-test, paired t-test, or correlation 
analysis, as appropriate. 


Results 


The demographic details of the 15 patients studied 
are shown in Table 1 for patients receiving a trans- 
planted kidney from a living-related donor (n = 6) or 
a cadaver (n = 9). There were no preoperative bio- 
chemical or hematologic differences between the two 
subgroups. The mean values for TCIT for trans- 
planted kidney from living-related donors was 113 


MORPHINE KINETICS 


Fable 2. 
First 3 hr 


Plasma Morphine Concentrations during the 


Kidney Origin 


Cadaver 
(n = 9) 


Living-Related 
Time (1 = 6) 


(min) (nmol-L mg `) (nmobL mg ') 
I 226 + 94 286 + 250 
2 113 + 20 128 + 60 
5 48 + 2.5 49 + 18 
10 38 + 11 37 + 18 
15 4l + 7.2 33-a 17 
20 39 + 11 34 + 18 
30 44 + 10 34 + 15 
60) 46 + 4.0 38 + 12 
90) 49 + 4.2 41-42 
120 49 + 4.0 38 + 11 
150 47 + 4.6 40 + 10 
180 44 + 2.7 37 + 3.6 





There were no significant differences between the two patient groups 
using the Mann-Whitney Li-test. There was no significant change in plasma 
morphine concentrations between 15 and 180 min in either patient group 
{paired t-test). 


min, significantly shorter than the mean TCIT of 832 
min for kidneys from cadavers (P < 0.01). 

During the first 3 hr after the dose of morphine, 
and before the transplanted kidneys began to clear 
creatinine, there were no statistically significant dif- 
ferences between plasma morphine concentrations for 
the two groups of patients (Table 2). In both groups 
there was a rapid initial decline in plasma morphine 
concentrations, followed by a plateau phase during 
which no further decline occurred. There were no 
significant changes in plasma morphine concentra- 
tions between 15 min and 180 min in either group 
(paired t-test, Table 2). 

This plateau phase, found in all the patients, was 
at plasma morphine concentrations between 250 and 
1300 nmol/L. The duration was longer in the patients 
receiving kidneys from cadavers (Table 3; Figs. 1, 2). 
The duration of the plateau phase was significantly 
shorter in patients receiving a kidney from a living- 
related donor (417 + 53 min) than in those whose 
transplanted kidney was from a cadaver (847 + 99 
min; Table 3, P < 0.01, Mann-Whitney U-test). There 
was a Significant correlation between duration of 
the plateau and TCIT (r = 0.83, P = 0.008, n = 15, 
Fig. 3). 

Plasma morphine concentrations began to decline 
after the plateau phase in all patients. The rate of 
decline was faster in patients who received a trans- 
planted kidney from a living-related donor (Fig. 1, 
Table 3), than in those who received a transplanted 
kidney from a cadaver (Fig. 2). Thus the mean ter- 
minal half-life for morphine was significantly shorter 
in those receiving transplanted kidney from a living- 
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Table 3. Relationship of Morphine Kinetics and First-Day 
Renal Function to Total Cold Ischemic Time 


Kidney Origin 


Living-Related Cadaver 
TCIT (min) 113 + 20 832 + 154° 
Morphine 284 + 31 604 + 132° 
elimination half- 
life (min) 
Duration of plateau 417 + 53 847 + 99° 
(min) 
Morphine clearance 107 + 8 Sloe 
(ml/min) 
First-day creatinine 112 + 23 43 2 1? 


clearance (ml/min) 


“There was a significant difference (p < 0.01, Mann-Whitne y U-test) 
between the two groups of patients for each of these parameters. 


related donor (284 + 31, compared with 604 + 132 
min, P < 0.01, Mann-Whitney U-test, Table 3). Cor- 
respondingly, morphine clearance was significantly 
greater in patients receiving a transplanted kidney 
from a living-related donor (107 + 8 compared with 
81 + 8 ml/min, P < 0.01, Table 3). 

Postoperative renal function was also different in 
the two patient groups. Over the first 24 hr after sur- 
gery the creatinine clearance was significantly higher 
in patients receiving a transplanted kidney from a 
living-related donor (112 + 23 compared to 43 + 12 
ml/min, P < 0.01, Table 3). In 12 of the 15 patients, 
plasma creatinine concentrations were also measured 
on each plasma sample during the 24-hr period after 
intravenous morphine. In each case there was a pla- 
teau in plasma creatinine for 4-15 hr, and then an 
abrupt decrease occurred. In each patient the sample 
point at which plasma morphine began to decrease 
was that at which plasma creatinine also began to 
decrease (a significant change being defined as more 
than twice the intraassay coefficient of variation at 
that concentration). 

Morphine elimination could be related to postop- 
erative renal function. There was a significant curvi- 
linear exponential relationship between terminal mor- 
phine half-life in plasma and first day creatinine 
clearance (half-life = 2450 x creatinine clearance ~°-*’, 

= 0.93, P < 0.001, Fig. 4). In addition there were 
significant linear correlations between TCIT and cre- 
atinine clearance (r = ~—0.59, P = 0.021) and TCIT 
and morphine clearance (r = —0.59, P = 0.022). No 
relationships were found between morphine dispo- 
sition and any other preoperative biochemical or he- 
matologic parameters. 

Incubation of human plasma, serum or whole hep- 
arinized blood with morphine-3-glucuronide at con- 
centrations of approximately 200, 2000, or 20,000 nmol/L 


+ 


1068 ANESTH ANALG 
1985;64:1065-70 


Plasma morphine {nmol/ltima dose 
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Figure 1. Plasma morphine concentrations in individual patients 
receiving a transplanted kidney from a living-related donor. 


produced no measurable deglucuronidation to mor- 
phine in incubations at 37°C for up to 5 hr. Addition 
of B-glucuronidase resulted in substantial production 
of morphine in both whole blood and plasma. 


Discussion 


The data presented here confirm and extend previous 
observations on the unusual nature of morphine plasma 
concentrations in renal transplant patients (5), and 
they concentrate on the differences between patients 
receiving kidney grafts of living-related or cadaveric 
origin. 

Renal function in the first postoperative day was 
very different depending on whether the kidney came 
from a living-related donor or from a cadaver. All 
kidneys, whether of cadaveric origin or from a living 
relative, were taken from beating-heart donors. The 
warm ischemic time was, therefore, short (less than 
2 min). The TCIT was considerably longer in the kid- 
neys of cadaveric origin than those from a living- 
related donor; longer TCIT is known to result in more 
extensive damage to the transplanted kidney, which 
then takes longer to recover (15). The finding that 
first-day creatinine clearance was significantly re- 
duced if the transplanted kidney was of cadaveric 
origin (Table 3) was, therefore, not surprising. Trans- 
planted kidneys from living-related donors gave nor- 
mal first-day creatinine clearance because the trans- 
planted kidney began to function early, some 3-6 hr 
after the recipient had been given morphine. 

The initial 3 hr after the recipients had been given 
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Figure 2 2. Plasma morphine concentrations in individual patients 
receiving a transplanted kidney from a cadaver. 


morphine was while they were still anephric, whether 
the transplanted kidney was of living-related or ca- 
daveric origin. No difference in plasma morphine con- 
centrations between the groups was, therefore, pre- 
dicted during this period, and none was found (Table 
2). In the absence of a functioning kidney, morphine 
plasma concentrations did not decline after the initial 
distribution phase, indicating that no significant mor- 
phine elimination occurred in the absence of func- 
tioning renal tissue. As liver function tests were quite 
normal in these patients (Table 1), the implication was 
that the liver did not eliminate morphine at these 
plasma morphine concentrations, which is in accord 
with the known kinetics of morphine in patients with 
moderate to severe cirrhosis given similar intravenous 
doses (11). 

Plasma creatinine was monitored in 12 patients; 
this also showed a plateau followed by a rapid de- 
crease in plasma creatinine concentrations in the post- 
operative period, indicating the return of renal filtra- 
tion function after the period of cold ischemia. In each 
case the sample in which plasma creatinine began to 
decrease was the sample in which plasma morphine 
also began to decrease, indicating that morphine elim- 
ination was also dependent upon the return of renal 
filtration function (5). 

The plateau phase in morphine plasma concentra- 
tions was relatively short in patients receiving kidneys 
from living-related donors (Fig. 1), but was much longer 
in those receiving kidneys from cadavers (Fig. 2). Be- 
cause the end of the plateau phase in individual pa- 
tients was related to the return of the renal filtration 
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Figure 3. Relationship between TCIT and duration of morphine 


plateau (r = 0.83, P = 0.008). Origin of transplanted kidneys was 
living-related (closed circle) and cadaveric (open circle). 


function, the good correlation between the duration 
of the plateau phase in morphine concentrations the 
TCIT (Fig. 3) was expected. What was surprising was 
that the pretransplant condition of the transplanted 
kidney had such a major effect on morphine kinetics 
in the recipient. The only possible explanation of a 
relationship between TCIT and morphine disposition 
kinetics must be that TCIT determined the behavior 
of the transplanted kidney in the immediate post- 
operative period, and that in turn the functional abil- 
ity of the transplanted kidney influenced morphine 
disposition kinetics. 

The large extra contribution of the plateau phase 
to the area under the concentration—time curve ex- 
plains why systemic morphine clearance in patients 
receiving a transplanted kidney from a cadaver was 
less than in those receiving a kidney from a living- 
related donor. The plateau also explains why mor- 
phine clearance was less than that found previously 
in control patients with normal renal function if no 
plateau was observed (5). The elimination half-life of 
morphine in the patients receiving a transplanted kid- 
ney from a living-related donor was not dissimilar to 
that found in other studies (14); these patients had 
normal renal function early on the first day. For pa- 
tients receiving a transplanted kidney from a cadaver, 
where return to normal function was delayed, the 
elimination half-life of about 10 hr was prolonged. 

Overall, the relationship between the morphine 
elimination half-life and first-day creatinine clearance 
was excellent (Fig. 4) and is similar to relationships 
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Figure 4. Relationship between morphine elimination half-life and 
first-day creatinine clearance (r = 0.93, P < 0.001). 


described for drugs eliminated mainly by the kidney 
(16). Significant relationships have also been found 
between morphine clearance and creatinine clearance 
in patients with normal (2) and abnormal (6) renal 
function. A morphine elimination half-life of 73 hr 
has been reported for one patient with end-stage renal 
failure (7). In another study (10) no prolongation of 
half-life was found for morphine in patients with renal 
failure. However, the duration of sampling was only 
2 hr, which precluded the accurate estimation of a 
long elimination half-life (17). This is especially im- 
portant as the study was designed to measure poten- 
tial prolongation of elimination half-life in renal failure. 

The major metabolic fate of morphine is glucuron- 
idation to morphine-3-glucuronide, which is then ex- 
creted in the urine. One possible explanation of the 
results presented here, and especially of the plateau 
in plasma morphine concentrations, would be if the 
accumulation of morphine-3-glucuronide in blood re- 
sulted in hydrolysis of the glucuronide back to mor- 
phine because of renal insufficiency. The demonstra- 
tion that this did not occur even at extremely high 
concentrations refutes this explanation and is in ac- 
cord with the finding that hydrolysis of morphine 
glucuronide does not occur in uremia (18). 

The results here do not constitute evidence that the 
normal or transplanted kidney is capable of either the 
glomerular filtration or tubular secretion of morphine, 
or of its metabolites if morphine metabolism occurs 
within the renal parenchyma. However, the relation- 
ship found between morphine elimination half-life 
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and creatinine clearance (Fig. 4) is exactly the same 
as the theoretical calculation of the effect of changing 
renal function on morphine elimination, assuming that 
renal excretion is the only mechanism of elimination 
(4). Moreover, in the rabbit kidney isolated tubule 
segments have been shown to accumulate and glu- 
curonidate morphine at concentrations typically found 
after therapeutic doses in man (19). Intact renal func- 
tion may be important for the efficient elimination of 
morphine congeners, such as dihydrocodeine (8,9), 
as well as for morphine. 

There is little evidence for substantial hepatic in- 
volvement in morphine metabolism in humans. In cir- 
rhosis, which is known to reduce the systemic clear- 
ance of pentazocine and meperidine (20), there was 
no effect on morphine clearance (11). Drugs that re- 
duce hepatic blood flow (cimetidine and propranolol) 
had no effect on morphine kinetics (21,22). Moreover, 
the hepatic microsomal enzymes presumed to be re- 
sponsible for morphine glucuronidation had a K, for 
morphine several orders of magnitude above thera- 
peutic concentrations of morphine in plasma (23). 

Even though there is a lack of understanding about 
the mechanism by which morphine removal is altered 
in patients with renal failure, there is considerable 
circumstantial evidence that it has important clinical 
sequelae. Prolonged narcosis has been reported after 
a single-bolus dose of morphine in patients with ure- 
mia (1), and there are numerous case reports of un- 
expectedly profound and prolonged respiratory 
depression after morphine administration to patients 
with renal problems (2). Cancer pain patients allowed 
to titrate themselves to analgesia needed oniy one- 
fourth of the average dose when they had increased 
plasma creatinine concentrations (3). 

What does this mean for patients with renal failure 
about to undergo surgery? The perioperative admin- 
istration of morphine (and probably diamorphine, co- 
deine, and dihydrocodeine) should be carefully con- 
sidered in anticipation of a greater degree and duration 
of effect and side effect for a given dose. Postoperative 
analgesia for these patients should never be by fixed 
dose schedules with drugs of the morphine family. 
Individual titration of dose to requirement by patient- 
demand techniques may well be the ideal. 
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To study the potential contribution of glycine toxicity in 
the transurethral resection syndrome, we evaluated hemo- 
dynamic and visual evoked potential responses to glycine 
infusion (1 g/kg) in 22 dogs anesthetized with halothane 
(1.0-1.2% end tidal). Three dogs recetved 5% glucose in 
normal saline without glycine; three received arginine (4 
mgikg) in normal saline without glycine; three received ar- 
ginine (4 mg/kg) in normal saline without glycine; 10 re- 
ceived glycine (1 gikg), then arginine (4 mg/kg) 120 min 
after the completion of glycine infusion; and six received 
arginine 30 min after the completion of glycine infusion. 
Arginine was infused to evaluate potential antagonistic ef- 
fects of glycine toxicity. Blood levels of glycine, ammonia, 
arginine, urea, and formate were determined after infusions 
of glycine or arginine. All animals received about 5 


Immediately after glycine infusion, cardiac output increased 
57%, whereas systemic vascular resistance and mean ar- 
terial pressure decreased 32% and 8%, respectively. Later 
cardiac output and mean arterial pressure were 41% and 


18% less than control levels, whereas systemic vascular 
resistance returned to control levels. Both amplitude and 
latency of visual evoked potential waveforms were altered 
in the animals receiving glycine infusion but not in the 
control animals. These responses were associated with ele- 
vations of blood glycine (149 + 5 to 9591 + 809 uMIL, 
mean + SEM) and blood NH,(10.5 + 2.8 to 100.0 + 13.6 
uM/L), but not with formate levels. Infusion of arginine 
30 min after the completion of glycine infusion was asso- 
ciated with a reduction of blood glycine levels, but not more 
than that accountable by the effect of time. Arginine infusion 
alone in halothane-anesthetized dogs produced no hemo- 
dynamic or visual evoked potential waveform changes. How- 
ever, in the presence of elevated blood glycine and ammonia 
levels, arginine improved cardiac output and minimized 
visual evoked potential waveform changes. These results 
suggest that chemical toxicity from glycine absorption, in 
addition to water intoxication and hyponatremia, should be 
considered in the “transurethral resection of the prostate 
syndrome.” 


Key Words: SURGERY, vuRoLOGIc—transurethral 
prostatectomy. TOXICITY—glycine, ammonia. 








Untoward side effects of transurethral resection of 
the prostate (TURP) were noted over 30 yr ago (1). 
Since then, a range of complications associated with 
this procedure has been described. Some patients 
manifest predominantly visual difficulties (2,3), 
others manifest excessive sedation and difficult emer- 
gence from anesthesia (4,5), and still others manifest 
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cardiovascular instability and even collapse (6,7). In 
the past this “TURP syndrome”-—cardiopulmonary 
difficulties, central nervous system (CNS) aberra- 
tions, visual disturbances, and coma—has been at- 
tributed to excessive intravascular absorption of irri- 
gating solution through prostatic sinuses and veins 
resulting in fluid overload and hyponatremia. Re- 
cently, however, glycine, the osmolar component of 
the surgical irrigant, and its metabolite, ammonia, 
have been implicated in the pathogenesis of the TURP 
syndrome. Serum levels of both substances have been 
found to be elevated postoperativly in patients who 
manifest features of the TURP syndrome (2,4,5). 
Many characteristics of glycine make it a likely cause 
of the syndrome. It is an inhibitory neurotransmitter 
in the CNS, retina, and spinal cord (8). High glycine 
levels are suspected of causing abnormal electroen- 
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cephalographic activity as well as abnormal visual and 
auditory evoked responses in patients with congenital 
nonketotic hyperglycinemia (9). Furthermore, when 
large quantities of glycine are injected intravitreously 
into the eyes of a rabbit, there is suppression of 
waveforms of both the electroretinogram and visual 
evoked potentials (VEPs) (10). Both ammonia and for- 
mate are products of glycine metabolism (Fig. 1) (11) 
and are known to produce CNS toxicity. Arginine, a 
substrate for the metabolism of glycine (11), has been 
shown to reduce the formulation of ammonia from 
glycine metabolism (12,13). 

The present study was undertaken to study trends 
in the hemodynamic responses and waveforms of VEPs 
in dogs after intravenous infusion of glycine com- 
parable to amounts that could be absorbed in humans 
during a TURP (2). These were correlated with blood 
levels of glycine, ammonia, formate, and urea. Ar- 
ginine was also infused to evaluate possible influence 
on glycine metabolism, glycine-induced hemody- 
namic effects, and VEP waveforms. 


Methods 


Twenty-two mongrel dogs, 15-25 kg, were amesthe- 
tized with halothane (1.0-1.2% end tidal) in oxygen 

after thiopental (10-15 mg/kg intravenously) induc- 
tion. After endotracheal intubation, the lungs were 
mechanically ventilated to maintain PCO, between 30 
and 35 mm Hg (normal for Salt Lake City, UT ele- 
vation 4500 feet above sea level) without the admin- 
istration of muscle relaxants. A pulmonary artery 
catheter with thermodilution cardiac output was placed 
surgically through the external jugular vein. After 30-45 
min for stabilization, the following groups of animals 
were studied: group 1, three control animals receiving 
5% aa Lae in norma Sanne (5 
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Figure 1. Glycine biochemistry simpli- 
fied. Deamination and decarboxylation 
of glycine produce potentially harmful 
metabolites ammonia, formate, and 
formaldehyde. The reaction from gly- 
cine to serine is reversible with the for- 
mation or utilization of formic acid prod- 
ucts. Glycine reacts with substrates 





urea 


H arginine and methionine to form crea- 
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ml normal saline, infused over 20 min without gly- 
cine; group 3, 10 animals receiving intravenous gly- 
cine, 1 gm/kg, dissolved in 200 mi of normal saline 
over 20 min, and then 120 min after the infusion of 
glycine 10% arginine HCI intravenously (4 mg/kg) over 
20 min. Group 4 consisted of six animals receiving 
intravenous glycine, as in group 3, but the intrave- 
nous arpirune was uea immediately atter g a 
r saline ee the course of the a senna 
Visual evoked potential (VEP), heart rate (HR), mean 
arterial pressure (MAP), cardiac output (CO), right 
arterial pressure (RAP), pulmonary artery pressure 
(PAP), pulmonary artery wedge pressure (PAWP), 
and arterial blood gas (ABG) were recorded every 60 
min in all groups, and immediately before and after 
the infusion of glycine or arginine. Systemic vascular 
resistance was calculated in the usual manner. Blood 
levels of glycine, ammonia, arginine, urea, and for- 
mate determined in four animals of group 3 and in 
all six animals of group 4, were performed by standard 
methods of The University of Utah Clinical Laboratory. 
Visual evoked potentials were recorded from oc- 
cipital locations with subdermal needle electrodes. The 
reference electrode was inserted into the rostral at- 
tachment of the pinna, and the ground electrode into 
a leg. After the dog was stabilized on halo- 
thane—oxygen and prior to the infusion of glycine, 
multiple occipital locations were explored to find the 
most reliable location for recording VEPs. The lamp 
of a Grass PS22 photostimulator was placed 20 cm 
from the eyes of the dog. Single flashes were pre- 
sented at the rate of one flash per second. Responses 
to 61 flashes were averaged to form the VEP. At least 
four VEPs were recorded to test reliability. The best 
waveform of maximum amplitude was selected from 
the four for statistical analyses. Peak latencies and 
peak-to-peak amplitudes were measured using the 
cursors on a Nicolet CA-2000 computer oscilloscope 
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display. The peak latency of the prominent positive 
component appearing between 40-50 msec in the VEP 
of most dogs and the amplitude of the largest negative 
component peaking at around 100 msec were ana- 
lyzed statistically (Figs. 2, 3). 

Another method used for measuring amplitude is 
“total excursion.” By tracing the response pattern of 
the evoked potential with a map reading wheel for 
the extent of time of analysis, a numerical value re- 
sults which reflects the total positive and negative 
amplitude excursion of the evoked potential (14). This 
number estimates the total voltage excursion of the 
evoked potential and is sometimes more reliable than 
measuring individual components, especially in stud- 
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ginine GA ti mg kg ` 20 min i in panel 2 the elevated level 
of arginine occurred after glycine infusion was associated with the 
presence of VEP waveform (in contrast to Fig. 2, panel 2). In panel 
4, there was further restoration of VEP waveform after arginine 
infusion. Vertical calibration, 5 aV. 


ies such as this where components of the evoked po- 
tential sometimes completely drop out as in Figure 2. 
The same evoked potentials analyzed for “P50” peak 
latency and “N100” amplitude were measured with 
a map reading wheel to the nearest centimeter across 
the first 200 msec. On these plots 1 cm equalled ap- 
proximately 1 uV. 
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Table 1. Hemodynamic Variables in Control Dogs Maintained on Halothane—O, (n = 3, mean + SEM) 
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HR MAP 
(beats/min) (ram Hg) 
0 min 108 + 6 97.0 + 7.1 
60 min 10 7 95.9 + 10.2 
120 min 108 + 9 96.3 + 9.5 
180 min 107 + 10 97.3 + 6.1 
240 min 104 + 10 94.3 + 4.4 


CO SVR 
(L/min) (dyne - sec- cm™*) 
1.97 > 0.09 3664 + 210 
LOJ = 0.10! 4294 + 594 
LS a 0H 4590 + 796 
1.59 20.4 4676 + 66l 
1.59 + 0.100? 4740 + 492 





‘P < 0.05 as compared to control. 


tP < 0.05 as compared to the same after glycine and arginine infusion (Table 2}, unpaired t-test. 


A two-way analysis of variance with repeated mea- 
surements on the second factor was performed on the 
latency and amplitude measurement of the VEPs. 
Analysis of variance for repeated measurements and 
paired and unpaired t-tests were used to analyze the 
hemodynamic and biochemical data. Statistical sig- 
nificance is considered at P < 0.05. 


Results 


The results of the halothane-anesthetized control an- 
imals are shown in Table 1. Heart rate and MAP did 
not change substantially. Likewise, RAP, PA, and 
PAWP did not change and therefore are not reported 
in Table 1. Cardiac output, however, decreased about 
20% over the 4-hr period. This was accompanied by 
a slight increase in SVR that was statistically insig- 
nificant. VEP waveforms did not change. The infusion 
of arginine alone in three halothane-anesthetized an- 
imals, likewise, did not significantly alter the hemo- 
dynamic or VEP responses (similar to the control an- 
imals), therefore, the data are not displayed. 
Hemodynamically, all dogs demonstrated an im- 
mediate response to glycine (Table 2). Cardiac output 
increased 57% over control values. This was accom- 
panied by significant decreases in SVR (32%) and MAP 
(8%). Nevertheless, hemodynamic depression oc- 
curred in all subjects over time. CO and MAP dete- 
riorated steadily, but the CO was transiently in- 
creased after the infusion of arginine. At the end of 
the experiment, 4 hr after administration of glycine 
and arginine, CO and MAP were 41% and 18% less 
than control levels, respectively. However, only the 
CO (Table 2) was significantly lower (P < 0.05) in 
comparison with the halothane anesthetizec dogs 
(Table 1), i.e., 1.12 + 0.10 vs 1.59 + 0.10 L/min. The 
initial decrease in SVR after glycine was transiert, and 
later values returned to control levels (Table 23. 
End-tidal halothane concentrations were varied be- 
tween 1.0 and 1.2%, adjusted by the depth o! anes- 
thesia monitored by overt movement of the animals. 


The variability of the waveforms of the VEPs was no 
greater when recordings were separated by an hour 
or more than among four reliability trials recorded 
within a 5-min period. 

The VEPs were distinctly altered in all dogs after 
the infusion of glycine. The amplitude and latency of 
the principal waveform components of the VEP var- 
ied. The dog presented in Figure 2 showed complete 
extinction of the VEP waveform immediately after gly- 
cine infusion. Partial recovery, evidenced by improve- 
ment of amplitude to 50-75% of control values, was 
seen after infusion of arginine, when the glycine level 
was also substantially reduced. Seven out of 10 ani- 
mals responded to glycine infusion with less severe 
VEP waveform changes as shown in Figure 3. The 
elevation of arginine levels is of significance in these 
seven animals before the administration of arginine 
(Figure 3, panel 2) in contrast to the three animals 
which did not exhibit increases in arginine levels (Fig- 
ure 2, panel 2). 

The analyses of variance indicated a significant dif- 
ference (P < 0.01) between experimental and halo- 
thane-anesthetized control dogs for both peak latency 
of the component appearing around 40-45 msec (“P50”) 
and amplitude of the negative component peaking 
around 100 msec (‘‘N100’). In the glycine animals, 
the amplitude of “N100” was reduced from 4.2 + 1.3 
uV to 2.0 + 0.7 uV (P < 0.01); in contrast, the am- 
plitude of the “N100” component increased from 4.6 
+ 2.1 aV to 6.7 + 3.0 aV (P > 0.1) in the VEPs of 
the control animals. The peak latency of the “P50” 
component increased from 43.8 + 10.7 msec to 55.2 
+ 14.1 msec after glycine (P < 0.01). The peak latency 
of this component recorded from control dogs was 
43.3 + 10.7 msec to 43.8 + 13.1 msec measured across 
the same time period without glycine. 

The infusion of glycine was associated with con- 
current increases in mean blood ammonia and arg)- 
nine levels (Tables 3, 4). The elevated ammonia levels 
tend to be sustained over the course of this study, 
whereas both blood glycine and arginine levels showed 
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Table 2. Hemodynamic Effects after Glycine and Arginine Infusion (n = 10, mean + SEM) 
HR MAP SVR 
(beats/min) (mm Hg) CO (L/min) (dyne : sec : cm™*) 
Easeline 100 + 5 107.1 + 4.8 1.91 + 0.14 4118 + 494 
Immediately after glycine, 101 + 6 98.7 + 5.0" 3.00 + 0.45 2813 + 348 
60 min after baseline 
120 min after baseline 95 +8 94.3 + 4.8° 1.50 + 0.16" 5056 + 581 
Immediately after arginine, 88 + 5 92.7 + 5.1" 1.74 + 0.18 4132 + 387 
80 min after baseline 
End, 240 min after baseline 94 + 10 87.4 + 4.8" 1.12 0.10 6550 + 972 
*P < 0.05 as compared to control. 
*P < 0.05 as compared to the same without glycine and arginine infusion (Table 1), unpaired t-test. 
Table 3. Blood Levels of Glycine, Ammonia, Arginine, and Urea after Glycine and Arginine Infusion 
(1 = 6, mean + SEM) 
Glycine Arginine Urea 
(uM/L) NH; (M/L) (MIL) (mg/dl) 
Baseline 157 + 14 7.0 31 138 + 14 15.1 = 0.9 
Immediately after glycine, 6843 + 636 177.0 + 46.1 890 + 174 18.6 + 2.2 
60 min after baseline 
Immediately after arginine, 3330 + 590° 170.3; 27.2 4112 + 872 26.4 + 1.8 
90 min after baseline 


All values are significantly different from respective baseline values, P < 0.01. 


‘P < 0.01 as compared with immediately after glycine values. 


progressive decreases over time. The infusion of ar- 
ginine did not increase the rate of decline of blood 
glycine above the fastest rate attributable to the effect 
cf time (Tables 3, 4). There was a spontaneous 82% 
reduction of glycine levels 120 min after glycine 
administration (Table 4). 


Discussion 


The biochemical pathways for glycine metabolism are 
illustrated in Figure 1 (11). An important pathway in 
glycine metabolism is its oxidative deamination by 
glycine oxidase to glyoxylate with the formation of 
ammonia, a potentially harmful metabolite. Glyox- 
ylate undergoes further decarboxylation to form for- 
mate and formaldehyde. Thus another potentially 
harmful metabolite, formate, from glycine biotrans- 
formation can also contribute to visual disturbance 
(15,16). Finally, another alternative pathway of gly- 
cine metabolism is to utilize substrates arginine and 
methionine to form creatine and urea (Fig. 1). The 
choice of biochemical measurements made during this 
study is largely based upon this knowledge of glycine 
biotransformation. 

We are not aware of any published data on the 
cardiovascular effects of glycine. Lethal doses of gly- 
cme in dogs produced vomiting and cardiovascular 


collapse (17). Our results suggest that there is an early 
augmentation of cardiac output associated with a con- 
current reduction in MAP and SVR. A reduction in 
afterload could have improved cardiac output without 
a positive inotropic effect of glycine on the heart. 
Guertzenstein and Silver applied glycine to specific 
regions of the feline ventral medulla and observed a 
distinct decrease in arterial blood pressure (18), and 
they suggested that these vasomotor control areas 
were innervated by inhibitory neurons which released 
glycine. However, glycine also has been shown to 
inhibit spinal parasympathetic neurons in cats (19,20). 
A shifting of autonomic influence in favor of the sym- 
pathetic nervous system, especially B-adrenergic 
stimulation, would improve cardiovascular dynam- 
ics. The later cardiovascular depression observed in 
the present study is more difficult to explain. Because 
the RAP, PAP, and PAWP were not elevated after the 
glycine infusion, but CO and MAP were decreased, 
a direct myocardial depressant effect of glycine or 
glycine and halothane is a plausible explanation. Car- 
diovascular depression has been reported in the dog 
after glycine infusion (13,17,21) and in humans after 
absorption of glycine irrigating solution during TURP 
(4-7). Water intoxication, hyponatremia, and hyper- 
ammonemia have been the foci of discussion in these 
reports. Circulatory overload is not probable in the 
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Table 4. Blood Levels of Glycine, Ammonia, Arginine, and Urea after Glycine and Arginine Infusion 


(n = 4, mean + SEM) 








Glycine 

(M/L) 
Baseline 149 +5 
Immediately after glycine, 9591 + 809 


60 min after baseline 
120 min after glycine 1733 
Immediately after arginine, 
180 min after baseline 


314 
3741 


I it 





Arginine Urea 
NH, (uM/L) (uM/L} (mg/dl) 
i 124 + 14 HS L 
100.0 + 13.6 857 + 162 17.0 + 2.4 
Hio eiel 335 + 100 20.3 + 2.4 
105.7 = 33.5 4811 + 1720 24.3 + 29 
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Arginine was infused 2 hr after completion of the infusion of glycine, instead of immediately afterwards (Table 3). 
All values are significantly different from respective baseline values, P < 0.01. 


present study because of the normal RAPs and PAPs. 
We did not measure serum osmolarity or sodium lev- 
els because in our preliminary studies we found no 
changes in these measurements after glycine infusion; 
furthermore the volume of fluid administered was 
only about 5 mlkg 'hr~! in all animals and always 
in the form of normal saline. Hyperammonemic car- 
diovascular depression, however, is a distinct possi- 
bility because blood ammonia levels remained ele- 
vated at above 100 uM/L (Tables 3,4) during the course 
of the study (baseline about 10 uM/L; and in humans 
11-35 uM/L) (4). 

Fahey, in 1957, described CNS toxic signs and 
marked increases in ammonia levels in dogs given 
intravenous amino acid mixture lacking L-arginine 
(12,13). The addition of arginine to the infusion re- 
versed the increase in ammonia and the CNS texicity. 
In the present study, neither the administration of 
arginine increased the rate of decline of glycime, nor 
reversed the rise of ammonia in the blood. But the 
period of observation after arginine infusion was lim- 
ited to less than one hour (Tables 3, 4). However, the 
possibility exists that arginine may have a physiologic 
stabilizing effect on the cardiovascular system (Table 
2) and VEPs (Figs. 2, 3) in the presence of elevated 
blood glycine and ammonia levels. It is not clear why 
there was an increase in blood arginine levels in some, 
but not all of the animals after glycine infusion, ac- 
counting for the large standard errors of mean argi- 
nine levels (Tables 3, 4). Although the infusion of 
arginine alone in three halothane-anesthetized dogs 
produced no cardiovascular or VEP changes, CO (Ta- 
ble 2) was transiently restored, and VEP waveforms 
were better maintained during elevated levels cf blood 
arginine in the presence of elevated blood levels of 
glycine (Figs. 2, 3) and ammonia. These data support 
the observations of Fahey (12,13), but the mechanism 
of action of arginine remains obscure. 

The measurement of VEPs is a useful method of 
quantitating visual disturbance in anesthetized ani- 


* 


mals and patients. We observed no changes in VEPs 
in the halothane-anesthetized control dogs. In sur- 
gical patients lightly anesthetized with halothane-O3, 
Domino (23) reported minimal changes in VEPs with 
enhancement of secondary complexes, whereas Uhl 
et al. (24) observed dose-related increases in ampli- 
tudes and latencies of the waveforms from 0.75 to 
1.13% end-expired levels of halothane. In the present 
study the amplitudes of VEP waveforms were signif- 
icantly reduced, and the latencies were significantly 
prolonged during periods of high blood glycine lev- 
els. The role of glycine as a major inhibitory neuro- 
transmitter of mammalian brain stem and spinal cord 
is well established, and more recent evidence sug- 
gests that this amino acid may also have a neuro- 
transmitter role at supraspinal sites in the mammalian 
CNS (8). Glycine has been shown to inhibit ganglion 
cells in the retina (8), as well as to supress the wave- 
forms of both the electroretinogram and VEP in rab- 
bits (10,22). VEPs recorded from the occipital area 
reflect the entire process of visual reception involving 
the retina, optic nerve, lateral geniculate nucleus, op- 
tic radiations, and cortex. Ina clinical setting, cerebral 
edema from water intoxication and abnormal nerve 
conduction from hyponatremia could also contribute 
to visual disturbance. Both glycine and ammonia lev- 
els were significantly elevated in the present study. 
However, the data favors glycine as the offending 
substance because the magnitude of peak glycine-in- 
crease was 43-64 times the baseline value and that of 
ammonia was 11-23 times that of baseline; and the 
decrease in glycine levels was associated with an im- 
provement of VEP waveforms during which the am- 
monia levels still remained at peak-increase levels (Ta- 
bles 3,4). 

In summary, we have demonstrated the toxic ef- 
fects of the infusion of glycine in amounts that could 
be absorbed during TURP in dogs. Metabolic products 
of glycine, ammonia, but not formate, were persist- 
ently elevated after glycine infusion. These chemical 
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changes were associated with immediate deteriora- 
tion of VEP waveforms and progressive decreases in 
CO and MAP. The infusion of arginine immediately 
or 2 hr after glycine did not alter the rate of decline 
of ammonia in the blood, but did improve CO and 
VEP waveforms. The results suggest that chemical 
toxicity, in addition to water intoxication and hypo- 
natremia, should be considered in the “TURP 
syndrome.” 
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Fentanyl Pharmacokinetics and Hemodynamic Effects in Preterm 
Infants during Ligation of Pazent Ductus Arteriosus 


C. Collins, FFARCS, G. Koren, MD, P. Crean, FFARCS, J. Klein, Msc, W. L. Roy, FRCP(C), and 
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COLLINS C, KOREN G, CREAN P, KLEIN J, ROY WL, 
MacLEOD SM. Fentanyl pharmacokinetics and 
hemodynamic effects in preterm infants during ligaion of 
patent ductus arteriosus. Anesth Analg 1985;64:1078-80. 


A bolus of 30 ug-kg`' fentanyl was given to nine zreterm 
infants (gestational age 31.8 + 4.7 weeks, weight 1100 + 
309 g) for induction of anesthesia for ligation of œ patent 
ductus arteriosus. Thirty minutes after the injecticn, fen- 
tanyl plasma concentrations were between 7.7 ard 13.6 
ng-mi—}. Elimination half-life was 6-32 hr (mean + SD, 
17.7 + 9.3). Systolic blood pressure remainec stable 


There is no general agreement on the best anesthetic 
for preterm infants undergoing surgery for ligaiion of 
patent ductus arteriosus (PDA). Robinson and Greg- 
ory (1) successfully used high dose fentanyl n this 
age group (30-50 we/kg~*). However, plasma con- 
centrations of fentanyl have not been reported, and 
no relation between plasma concentrations and dpioid 
effects have been studied. The aim of this stucy was 
to measure fentanyl plasma concentrations in preterm 
infants in relation to effects on heart rate (HR), blood 
pressure (BP), and on wakefulness after surgery. 


Patients and Methods 


This study was approved by the Committee for Hu- 
man Experimentation of the hospital. Nine infants (7 
males) with PDA of gestational age 23-38 weeks (mean 
+ sp, 31.8 + 4.7 weeks) were studied. At the time 
of surgery their postconceptional ages were 29-43 
weeks and their weights were 710-1625 g (meam, 1100 
+ 305 g). Prior to surgery eight of the nine infants 
required intermittent positive pressure ventilaton for 
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throughout surgery. There was a gradual increase in heart 
rate from 159 + 12 min™? at the time of skin incision to 
173 + 15 min~? at the time of skin closure (P < 0.05). 
Fentanyl plasma concentrations remained virtually un- 
changed between 30 min (10.6 + 1.9 ng-ml~*) and 120 
min (9.6 + 1.6 ng-ml~'); whereas at the end of surgery 
most infants moved and breathed spontaneously. This phe- 
nomenon can be explained by redistribution of fentanyl from 
brain into pharmacodynamically inert tissues. 


Key Words: ANALGESICS—fentanyl. ANESTHE- 
SIA—-pediatric. ANESTHETICS—intravenous. 


cardiorespiratory failure. They all required oxygen with 
Fio between 0.3-0.6 (mean, 0.42). All received a stan- 
dard restrictive fluid regimen. 

No preanesthetic medication was given, and the 
usual monitoring systems were established, including 
a precordial stethoscope and rectal and auxiliary tem- 
perature probes. Systolic BP was measured using a 
sphygmomanometer cuff on the right upper arm to- . 
gether with a Doppler ultrasound probe on the right 
radial artery. Heart rate was measured using a stan- 
dard Il-limb lead electrocardiogram. Transcutaneous 
oxygen saturation was measured using a Nelcor sat- 
uration monitor with an infrared light source probe 
on the right foot (2). Each infant had an intravenous 
catheter in situ. The one infant who was not previ- 
ously mechanically ventilated was intubated and al- 
lowed to settle for 5 min before baseline values of BP 
and HR were recorded. 

Neuromuscular blockade was established in seven 
infants with 0.1 mg-kg~’ pancuronium bromide in- 
travenously; the other two received higher doses (0.2 
and 1.0 mg-kg~*) due to dilution errors. Each patient 
then received a fentanyl bolus of 30 wgkg~* intra- 
venously injected within 1 min. The infants were me- 
chanically ventilated with oxygen-enriched air, and 
the inspired oxygen concentration was adjusted to 
maintain a transcutaneous oxygen saturation of 
80-90%. Blood pressure and HR were monitored and 
recorded at the following times: baseline; immediately 


FENTANYL IN PRETERM INFANTS 


after fentanyl induction of anesthesia; during skin in- 
cision; after ligation of the PDA; during skin closure; 
and upon return to the neonatal intensive care unit. 


Fentanyl Plasma Concentrations 


Three 1-ml arterial blood samples were drawn at 30 
min, 2 hr, and 6-9 hr after the fentanyl bolus for 
measurement of fentanyl plasma concentrations. Be- 
cause of the very low weight of the infants, we con- 
sidered it unethical to obtain more than three samples 
for measurement of drug levels. Plasma was sepa- 
rated and stored at ~ 30°C until analyzed. Fentanyl 
plasma concentrations were analyzed in duplicate us- 
ing the gas-liquid chromatography method of Gilles- 
pie et al. (3). The coefficient of variation within a day 
was 2.55%. The recovery of fentanyl from plasma var- 
ied between 81.5% for 2 ngml ' and 85% for 25 
Fentanyl elimination half-life (t12) was calculated from 
the concentration—time data plotted on a semilogar- 
ithmic paper by least-squares linear regression analysis. 


Statistical Analysis 


The differences in the HR and BP at the various stages 
were compared for each patient by analysis of vari- 
ance. Results are expressed as mean + SD. 


Results 
Fentanyl Plasma Concentrations 


Thirty minutes after bolus injection of 30 ug-kg ' of 
fentanyl, plasma concentrations of fentanyl were be- 
tween 7.7 and 13.6 ngml`' (mean, 10.6 + 1.9 ngml '). 
After 2 hr, levels were between 6.6 and 11.5 ngml ' 
ually yielding an elimination half-life (t12) of 6-32 hr 
(17.7 + 9.3 hr). There was no correlation between 
gestational age, post conceptional age, or weight and 
elimination f1,2) of fentanyl. 


Cardiovascular Effects of Fentanyl 


After the fentanyl injection, systolic blood pressure 
remained stable throughout surgery. However, there 
was a gradual increase in heart rate from 159 + 12 
min”! at the time of skin incision to 173 + 15 min 
at the time of skin closure (P < 0.05) (Fig. 1). These 
findings agreed with the clinical impression that 
towards the end of the operation, anesthesia became 
lighter. The time between arrival in the operating room 


ANESTH ANALG 1079 
1985;64: 1078-80 


Heart Rate 
190 


r 180 * 


170 
160 
150 
140 
130 w P< 0.05 


beats min 


Biood Pressure 


mm Hg 





B Pi l L sc PO 


Sample time 


Figure 1. Changes in systolic blood pressure and heart rate after 


a fentanyl bolus of 30 wg-kg ' in nine preterm infants undergoing 
ligation of PDA. 


and return back to the neonatal ICU varied from 85 
to 165 min (130 + 27 min). After the operation, in the 
neonatal intensive care unit, mean heart rate was 155 
22 mm Hg. 

Spontaneous movements and respiration were seen 
in all infants at the time of reversal of neuromuscular 
blockade with a combination of 50 ugkg ' of neo- 
seven patients who received 0.1 mgkg `’ of pancu- 
ronium, this occurred at the end of the operation, but 
in the remaining two who had received higher doses 
neuromuscular blockade was prolonged (3.5 hr and 
11 hr, respectively). However, in these two patients 
the profiles of systolic BP, HR, and for plasma con- 
centrations of fentanyl were identical to the rest of 
the group. 


Discussion 


Our measurements of plasma concentrations of fen- 
tanyl indicated that in preterm infants very small 
changes occur between 30 min and 120 min after the 
bolus injection of the drug. At the end of surgery most 
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infants moved or breathed spontaneously despite fen- 
tanyl plasma concentrations being virtually unchan- 
aged due to the prolonged elimination half-life. This 
phenomenon has been previously reported by Hug 
in animal studies and is explained by redistribution 
of fentanyl from the brain into fat and muscle (9,10) 
in a fashion similar to thiopental. It is suggested that 
during redistribution of fentanyl from brain into phar- 
macodynamically inert compartments, plasma con- 
centration of the drug may not accurately reflect the 
concentration at the target cells, and therefore may 
not reflect the anesthetic effect. 

Elimination t,,. of fentanyl in our patients was be- 
tween 6 and 32 hr; however, these calculations were 
based on three concentration—time points drawn dur- 
ing the first elimination half-life of the drug and there- 
fore should be interpreted cautiously. In older chil- 
dren and adults, elimination t> of fentanyl is between 
2 and 3 hr (4-7), significantly shorter than in our 
preterm infants. Elimination rate of many other drugs 
has been shown to be slower in the preterm infant 
due to immaturity of hepatic enzymatic processes (8). 
Lack of correlation between age and elimination t,» 
in our patients may be explained by the smal) size of 
the study group. Moreover, most of these infants had 
similar ages (eight were between 29 and 34 weeks 
postconceptional age). Theoretically, itis possible that 
the higher doses of pancuronium given to two neo- 
nates could have had an effect on the pharmacoki- 
netics of fentanyl in these patients. However, tentany! 
levels measured in these infants and the calculated 
elimination ft>» were not different from the rest of the 
group. Similarly, the cardiovascular responses in these 
two patients were identical to the other seven infants. 

The hemodynamic profiles of our preterm infants 
remained relatively constant throughout the surgery, 
and there was none of the instability previcusly ob- 
served with the use of potent inhalational anesthetics. 
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It did appear that there was some lightening of anes- 
thesia by the time of skin closure with a significant 
increase in heart rate. 

fentanyl in ape infants may not be adequate to 
cover the increased stimulus of skin closure after clo- 
sure of a a PDA. It may = reasonable to empoy a 
uous EA of We This may cause wakeful- 

ness to be delayed, but in practice this is not a problem 
as current treatment of these infants includes main- 
taining mechanical ventilation in the immediate post- 
operative period. 
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Heparin, Protamine, and Jonized Calcium In Vitro and In Vivo 
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Deanna K. Fox, MD, and Kasumi Arakawa, MD, PhD 


GOTO H, KUSHIHASHI T, BENSON KT, KATO H, 
FOX DK, ARAKAWA K. Heparin, protamine, and ionized 
. calcium in vitro and in vivo. Anesth Analg 1985;64:1081-4. 


The possibility that hypotension associated with protamine 
or heparin might be related to changes in levels of serum 
ionized. calcium values was determined by in vitro and in 
vivo studies in dogs. In vitro protamine did not decrease 
serum calcium levels, but heparin did in a dose-dependent 
fashion. The reduction ranged from 7% with 10 units/ml 
of heparin ‘to 20% with 100 units/ml of heparin. Ionized 
calcium concentrations initially decreased by heparin were 
restored toward control levels by our increasing the dose of 
protamine, indicating that the electrostatic attraction be- 
tween protamine and heparin molecules is stronger than 


Despite the long-established clinical use of protamine 
sulfate, controversy still’exists concerning the mech- 
anisms of its hypoterisive effect. It has been postu- 
lated that reduction of serum concentrations of ion- 
ized calcium is one of the responsible mechanisms 
(1): Heparin is also known to cause hypotension, al- 
though it is uncommon (2). Unlike protamine, hep- 
arin is a negatively charged ge S E (3). 
Thus it might be heparin that decreases positively 
charged serum ionized calcium. We were ihterested 
in how protamine and heparin would interact with 
ionized calcium in vitro and in.vivo. 


Methods 
In Vitro Study, Part 1 


Venous blood was obtained from six mongre] dogs. 
The serum was separated by centrifugation (15 min 
x -2500 rpm) and was pooled. Distilled deionized water 
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that between heparin and ionized calcium. Despite signif- 
icant reductions in blood pressure and heart rate, clinical 
doses of protamine did not decrease ionized calcium in vivo. 
Although the results of the in vitro study suggested that 
heparin-induced hypocalcemia might occur in vtvo, in vivo 
heparin caused neither a decrease in tonized calcium nor 
hypotension. The reduction of tonized calcium by heparin 
might have been rapidly compensated for in vivo. The results 
indicate that hypotension due to protamine or heparin is 
unlikely to be related to changes in serum ionized calcium 
levels. 


Key Words: BLOOD, CoAGULATION—heparin, pro- 
tamine. IONS—calcium. 


(DDW) was prepared by running distilled water 
through a Millipore system (Millipore Corporation) 
until the specific resistance. became greater than 18 
mO/cm. Serum, 0.9 ml, was introduced into polypro- 
pylene test tubes (Fisher Scientific), and a total vol- 
ume of 0.1 ml of DDW with various amounts of either 
protamine (Upjohn Company) or heparin (Upjohn 
Company) was added. Doses of protamine and hep- 
arin ranged from 0 to 1000 ug and from 0 to 100 units, 
respectively. 

Each 1-ml sample was incubated in a 37°C water 
bath for a period of 30 min. Ionized calcium was mea- 
sured with an ion-selective electrode (AM 722, Ap- 
plied Medical Technology) five times for each sample. 
The electrode was calibrated with the-standard so- 
lutions of high (Ca?*, 2.10 mM) and low (Ca**, 1.05 
mM) calibration solutions. 


In Vitro Study, Part 2 


Heparin, 10 units or 20 units in DDW (total volume 
0.1 ml), was added to 0.8 ml of serum. Then pro- 
tamine, in doses increasing from 0 to 1000 ug in DDW 
(total volume 0.1 ml), was added, making a total vol- 
ume of 1.0 ml. Ionized calcium was measured as in 
the part 1 study. Mean values of percentage changes 
from each control ionized calcium level were plotted 
with respect to protamine and heparin concentrations. 
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In Vivo Study 


Twelve mongrel dogs weighing 18.5-30.8 kg were 
anesthetized with 30 mg/kg pentobarbital intrave- 
nously, intubated, paralyzed with 0.1 mg/kg pancu- 
ronium bromide, and mechanically ventilated. Anes- 
thesia was maintained with 0.5-1.0% enflurane in ox- 
ygen. Ventilation was adjusted to achieve normal 
ranges of arterial pH values. A femoral artery was 
cannulated, and blood pressure was continuously 
recorded with a Hewlett-Packard 7758 eight-channel 
recording system, along with a lead H electro- 
cardiogram. 

After a steady state was achieved, six dogs received 
4 mg/kg protamine over 30 sec, and another six dogs 
received 300 units/kg heparin over 30 sec. Arterial 
blood samples were obtained for measurement of gas 
tensions, pH, and ionized calcium levels 5 min before 
and 1, 5, and 10 min after administration of each drug. 
Student's t-test was used for statistical analysis, with 
P values less than 0.05 considered significant. 





Results 
In Vitro Study 


Protamine, even in high concentrations of 1000 «g/ml, 
did not decrease ionized calcium. On the other hand, 
heparin decreased ionized calcium in a dose-depen- 
dent fashion (Fig. 1). Ionized calcium was decreased 
approximately 7% by heparin, 10 units/ml, and 20% 
by heparin, 100 units/ml. Ionized calcium concentra- 
tion, which initially had been decreased by heparin, 
10 units/ml! and 20 units/ml, was restored toward the 
control level by an increase in the doses of protamine 
concentrations (Fig. 2). The ionized calcium value was 
completely restored by protamine, 400 ug/ml, when 
10 units of heparin were present and by protamine, 
900 ug/ml, when 20 units of heparin were present. 


In Vivo Study 


Table 1 shows the changes in ionized calcium (Ca? *), 
mean arterial pressure (MAP), heart rate (HR), Pao», 
Paco, and pHa after administration of 4 mg kg of 
protamine. Significant changes were observed only 
in the mean blood pressure and heart rate after 1 min. 
After administration of 300 units/kg of heparin, none 
of the parameters measured had changed significantly 


(Table 2). 


Discussion 


Protamine is a strongly cationic basic protein with a 
molecular weight of 4626 + 109 (3,4). It is abundant 
in cell nuclei of fish sperm. Because it is a heteroge- 
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Figure 1. The percent changes of ionized calcium (mean + SEM) 
plotted with respect to protamine and heparin concentrations. 
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Figure 2. The percent changes of ionized calcium (mean + SEM) 
by fixed heparin concentration with increases in protamine 
concentration. 


neous macromolecule, protamine could have anionic 
sites on its structure (5). However, protamine did not 
decrease the positively charged serum ionized cal- 
cium level, indicating that the anionic sites on pro- 
tamine molecules are negligible, if there are any. Jones 
et al. stated (1) that protamine is a large, negatively 
charged molecule that may be capable of binding ion- 
ized calcium (Ca**). The results of our in vitro study 
indicate that this is unlikely. 

Heparin is a highly sulfated negatively charged 
mucopolysaccharide; its molecular weight ranges from 
6000 to 20,000 depending on the source and the method 
of determination (3). Heparin dose-related decrease 
in calcium ion activity has been reported previously 
using human serum (5). We also could demonstrate 
a very similar dose-dependent reduction of canine 
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Table 1. Effect of 4 mg/kg Protamine Administration 
Ca** MAP Pad: Paco, 
(mmol/L) (mm Hg) Heart rate (mm Hg) (mm Hg) pHa 
Control Ligo E oUo 100.0 + 4.5 PIR E 505.8 4 22.6 36.8 + 4.0 7.34 + 0.02 
1 min 1.24 + 0.03 ROE TEO PER EN ie 2] 32.0 oe 7.36 + 0.02 
5 min 1.22 + 0.04 69.0 18-9 117.2 + 4.5 475.2 + 32.1 35.627 3.0 7.02. 0.03 
10 min [22 Æ 0.06 Hoo aii 119.6 > 4.8 485.2 + 26.0 37.9 + 4.1 Lad 005 
aP a 0.05. 
n = 6 (mean + SE). 
Table 2. Effect of 300 Units/kg Heparin Administration 
Ca’ MAP Pao- Paco, 
(mmol/L) (mm He) Heart rate (mm Hg) (mm He) pHa 
Control 1.14 + 0.10 99.0 + 5.0 113.2 232 S082 20 26.1 + 1.3 7.42 + 0.03 
1 min 1.18 + 0.08 102-6: E Zel TIS e532 508.3 + 19.4 All 23d 7.42 + 0.03 
5 min 1.17 = 0.08 103:7. t Ja 116.4 + 4.4 497.8 + 9.7 26.4 + 2.9 7.43 + 0.03 
10 min ble UU I3 3.3 113:6 +65 H27 2 8:9 278 t 3.8 7.44 + 0.03 
n = 6 (mean = SE) 


serum ionized calcium concentration, which is thought 
to be due to the electrostatic attraction between neg- 
atively charged heparin molecules and positively 
charged calcium ions. Heparin, 10 units/ml of serum, 
decreased ionized calcium by about 7%. This dose is 
approximately equivalent to the clinical heparin dose 
of 350 units/kg for extracorporeal bypass, provided 
by the blood volume of patients—65 ml/kg and the 
hematocrit 45 (350 units/65 x 0.55). 

Initially decreased ionized calcium levels were re- 
stored toward the control value by the addition of 
increasing doses of protamine. Therefore, it is thought 
that protamine molecules combine with heparin at the 
sites where ionized calcium has been bound. This 
indicates that the electrostatic attraction between 
protamine and heparin is stronger than that between 
heparin and ionized calcium. Recently, it was con- 
firmed that the heparin-protamine interaction is due 
to simple physical charge-to-charge attraction (6). 

According to the protamine package insert, 1 mg 
of protamine neutralizes approximately 100 units of 
heparin. Thus 100 ug and 200 ug of protamine are 
neutralizing doses for 10 units and 20 units of heparin, 
respectively. These were used in part 2 of the in vitro 
study. When protamine doses reached 400 ug, ion- 
ized calcium levels reduced by 10 units of heparin 
were returned completely to the control values. Ion- 
ized calcium levels reduced by 20 units of heparin 
were restored by 900 ug of protamine. This indicates 
that protamine molecules can bind to heparin and to 
already formed heparin-protamine complex, at least 
until up to 4-4.5 times of the neutralizing protamine 
dose is added. 

Possible mechanisms of protamine-induced hy- 
potension have been studied both in humans and 


dogs. These include myocardial depression (7), de- 
crease in systemic vascular resistance (8), increase in 
pulmonary artery pressure (9), histamine release (10), 
immune-mediated anaphylaxis (11), nonimmunologic 
anaphylactoid reaction (12), and reduction of serum 
ionized calcium level (1). In contrast to humans, dogs 
appear to be hemodynamically vulnerable to intra- 
vascular administration of protamine (13). The reason 
for this has not been elucidated; the main purpose of 
these protamine studies using dogs has been to in- 
vestigate the mechanism of protamine-induced hy- 
potension rather than to investigate species differ- 
ences. Likewise, the purpose of our study is to 
investigate the interaction of serum ionized calcium 
and protamine in vitro and in vivo using dogs to find 
out whether or not serum ionized calcium concentra- 
tion plays a role in protamine-induced hypotension. 
It was not our intent to study the hemodynamic sen- 
sitivity of dogs to the reduction of serum ionized cal- 
cium levels that might occur after protamine 
administration. 

Whether or not protamine is capable of decreasing 
ionized calcium in vivo is controversial. Jones et al. 
(1) demonstrated in the dog that 3 mg/kg protamine 
administered 30 min after 300 units/kg of heparin 
caused a significant reduction of ionized calcium at 
1, 2, 3, and 4 min. Conahan et al. (14) could not 
demonstrate the decrease in both ionized and total 
calcium in humans by 3 mg/kg of protamine given in 
order to neutralize heparin. In our in vivo study with 
dogs, 4 mg/kg of protamine alone did not cause hy- 
pocalcemia, as had been expected by the results of 
our in vitro study. Therefore, more studies need to 
be carried out in order to elucidate the in vivo inter- 
action of protamine and serum ionized calcium. John- 
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ston et al. (15) suggested that protamine alone could 
produce hypocalcemia by direct inhibition of bone 
absorption. However, this seems to be a slow process 
and must not have occurred immediately after prot- 
amine administration. 

Although heparin-induced hypotension is rare, 
several possible mechanisms have been postulated. 
These include systemic vasodilation (16), histamine- 
like activity in the heparin preparation (17), and myo- 
cardial depression (18). Seltzer and Gerson (2) ob- 
served hypotension after 300 units/kg of heparin were 
administered to a human subject and concluded that 
heparin-induced hypotension was due to the reduc- 
tion of systemic vascular resistance rather than to 
myocardial depression. Csaba and Horvath (18) ob- 
served that heparin reduced the contractility of the 
isolated frog heart and that this was antagonized by 
calcium chloride but not epinephrine. Their obser- 
vation and our in vitro study suggest that heparin 
might decrease ionized calcium in vivo. However, it 
caused neither hypotension nor hypocalcemia in our 
dog preparation. Reduced ionized calcium may be 
restored immediately by the compensatory mecha- 
nism in which plasma proteins and musculoskeletal 
tissues release ionized calcium. 

In summary, hypotension induced either by pro- 
tamine or by heparin is unlikely to be related to changes 
in concentrations of ionized calcium in serum. 
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The Effect of Epidural Somatostatin on Postoperative Pain 


Joachim Chrubasik, MD, Jacques Meynadier, MD, Phillippe Scherpereel, MD, and 


Erich Wünsch, PhD 


CHRUBASIK J, MEYNADIER J, SCHERPEREEL P, 
WUNSCH E. The effect of epidural somatostatin on 
postoperative pain. Anesth Analg 1985;64:1085-8. 


The epidural injection of a bolus of 250 pug somatostatin 
followed by continuous epidural infusion provided complete 
postoperative relief of pain in eight patients who had under- 
gone abdominal surgery; no other analgesics were required. 
In two patients, intravenous and intramuscular naloxone 





had no effect on the analgesia provided by epidural soma- 
tostatin. In two patients, epidural somatostatin also produced 
adequate intraoperative analgesia. Epidural somatostatin was 
associated with no side effects. 


Key Words: PAIN—postoperative. ANESTHETIC 
TECHNIQUES, | EpIDURAL—somatostatin. HOR- 
MONES-—somatostatin. 
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Because of its reliable analgesic effect, morphine is 
the most widely used opiate for management of acute 
and chronic pain by epidural injection (1-4). In a pre- 
liminary report, epidural somatostatin has also been 
described as being effective in the treatment of pain 
(5). Indeed, epidural somatostatin seems to alleviate 
pain as effectively as epidural morphine. In the pres- 
ent paper, we describe eight patients given epidural 
somatostatin to provide analgesia in the early post- 
operative period. 


Methods 


Eight patients (ASA class HI) undergoing abdominal 
surgery were investigated after their informed con- 
sent and the approval of the hospital review board 
had been obtained. All patients were given 0.25 mg 
atropine and 50 mg chlorazepam for premedication. 
The clinical details of the patients are summarized in 
Table 1. Immediately before the operation, an epi- 
dural catheter was placed in the epidural space at a 
level between the sixth thoracic and the first lumbar 
vertebrae, depending on the site of surgery. A test 
dose of 3 ml mepivacaine was administered to verify 
the epidural positioning of the catheter. Six of the 
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eight patients had general anesthesia with barbitu- 
rates, nitrous oxide—-oxygen~isoflurane, pancuro- 
nium, and fentanyl-balanced anesthesia. Two pa- 
tients received a bolus epidural injection of 250 ug 
somatostatin prior to an infusion of 250 ug/hr (a total 
of 1.0 and 2.4 mg somatostatin) for operative anes- 
thesia instead of fentanyl and isoflurane (6). One of 
the two required a total of 35 mg diazepam for se- 
dation during a 4.5-hr operation. 

Pain scores were assessed postoperatively by a 
modified pain analogue scale (no pain, 0; worst pain, 
10). So that pain might be treated on an individual 
basis, patients were asked about their subjective pain 
frequently and at the preset intervals of the project 
protocol (at the beginning of the treatment, 1 and 2 
hr after commencement of the treatment, at 8 PM on 
the operation day, and subsequently every 12 hr until 
8 pm on the second postoperative day). The patients 
also were told that they should ring for the nurse, 
should they have any discomfort or pain. 

As soon as the patients complained of pain after 
the operation, 250 ug somatostatin in 1 ml isotonic 
saline solution was administered by syringe through 
the epidural catheter already in place. After the bolus 
epidural injection, 125 ug somatostatin contained in 
0.6 ml of saline was infused each hour by means of 
a small, externally worn device (Pharmacia, Act-A- 
Pump 1000). The dosages chosen were based on ex- 
perience with treatment of chronic pain (5). During 
the first hour of the infusion, no supplementary an- 
algesics were administered. If after 60 min or at any 
time throughout the rest of the first two postoperative 
days the pain score exceeded 3, further bolus epidural 
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Table 1. Operations and Clinical Data of the Patients 
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Patients receiving Patents in 











somatostatin control group 

Type of operation 

Hysterectomy’ 4 4 

Adrenalectomy” 1 l 

Lymphadenectomy* 1 | 

Palliative abdominal operation" 2 2 
Clinical data 

Age (vr) Bo G mAr 

Weight (kg) 67 + 14° 75 + 12" 

Size (cm) 165.2. F 166 + 7" 


Male: female Ley Mey 
Length of operation (min) 154 + 83? 137 + DRE 





“Number of patients. 
‘Mean > St. 


injections of 250 ug somatostatin were administered 
by syringe in order to titrate individual somatostatin 
requirement. If the pain score remained at zero for at 
least 3 hr during a 12-hr period, the basal dose rate 
was reduced at a predetermined rate of 0.2 ml/hr every 
12 hr, starting at 8 PM on the day of operation. 

Two arbitrarily selected patients received, with their 
consent, 0.4 mg naloxone intravenously and 0.8 mg 
intramuscularly at 8 PM on the day of operation. This 
was done to evaluate whether a classic narcetic an- 
tagonist might affect the analgesia provided by epi- 
dural somatostatin. 

In addition to regular supervision, blood pressure, 
pulse, and respiratory rates were measured twice daily 
until the second postoperative day. Blood samples 
were taken prior to the operation, at 8 AM on the 
Operation day, and the first, second, and third post- 
operative days to measure white blood cell count, 
platelet count, liver function and concentrations of 
hemoglobin, blood glucose, electrolytes, creatinine, 
urea, protein, lipids, and amylase. Urine output was 
also measured. 

A control group of eight patients (Table 1) received 
bolus intramuscular injections of buprenorphine, a 
potent analgesic and partial opiate antagonist (7), for 
alleviation of postoperative pain. The “matched pair’ 
selection criteria included a similar ASA status and 
operation, approximately the same age, and a similar 
weight category (normal, overweight, underweight). 


Results 

Within 15 min after the bolus epidural injection of 
somatostatin, analgesia was attained in all patients. 
During the course of the somatostatin epidural in- 
fusion, however, three patients complained of in- 
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creasing pain, which necessitated an extra bolus epi- 
dural injection of somatostatin 60 min after the first 
injection. The pain score in all patients after 60 min 
was 3.8 + 1.1 (+SEM), and after 2 hr, 1.8 + 0.5(+SEM). 
Three additional patients required up to seven epi- 
dural injections of 250 ug somatostatin in addition to 
the constant epidural infusion of somatostatin. Two 
of those three required sedation during the night in 
order to sleep, for which a total of 12.5 and 20 mg 
diazepam was given. Individual patterns of the epi- 
dural infusion rates of somatostatin in all patients are 
presented in Figure 1. None of the eight patients needed 
any other analgesic. Moreover, administration of nal- 
oxone (0.4 mg intravenously and 0.8 mg intramus- 
cularly) in two patients did not affect the analgesia 
maintained by epidural somatostatin. 

Total dose of postoperative somatostatin given up 
to 8 PM on the second postoperative day averaged 
6.2 + 0.8 mg (+ SEM) (range 2.4-8.8 mg). The patients 
who received naloxone had 2.6 and 4.8 mg somato- 
statin, respectively. The total dose of buprenorphine 
given postoperatively in the control patients averaged 
0.5 + 0.1 mg (+SEM) (range 0.3 -1.2 mg). 

When epidural somatostatin was given as the sole 
intraoperative analgesic blood pressure, heart rate and 
perspiration showed no change that indicated inad- 
equate analgesia in the course of the operation. Like- 
wise the absence of gross effects on respiration or 
cardiovascular function agrees with adequate anal- 
gesia in the early postoperative period. Blood chem- 
istries, with the exception of blood glucose, were nor- 
mal, as was urinary output. Although epidural 
somatostatin can affect blood glucose levels, the in- 
crease in blood glucose levels observed postopera- 
tively was probably related to postoperative glucose 
intravenous infusion. None of the patients com- 
plained of side effects, and there were no complications. 


Discussion 


Although an economical method of producing so- 
matostatin on a large scale has been developed re- 
cently (8), clinical use of the peptide has essentially 
remained limited to occasional treatment of gastroin- 
testinal fistulas (9,10) and hemorrhage from peptic 
ulcers (11). With bleeding ulcers, high doses (up to 6 
mg somatostatin per 24 hr intravenously over more 
than 2 weeks) caused no discomfort or clinically sig- 
nificant biochemical side effects. Because the 
blood-brain barrier restricts peptide penetration (12), 
no central side effects were observed in patients under 
treatment with intravenous somatostatin. 
Somatostatin has been demonstrated to exist in 
several regions of the central nervous system (13,14), 
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Figure 1. Patterns of amounts of epidural somatostatin needed to 
relieve pain in eight patients on the day of operation (OPD) and 
on the first two postoperative days (1.PD and 2.PD). Symbols: thin 
arrows, bolus epidural injection of 250 wg somatostatin (in addition 
to continuous epidural infusion); thick arrow, time of administra- 
tion of naloxone (0.4 mg intravenous and 0.8 mg intramuscular) in 
two patients. 


indicating that this tetradecapeptide might be in- 
volved in the function of the central nervous system. 
Investigations in rats provided the first experimental 
evidence that somatostatin might have an analgesic 
effect when injected into cerebrospinal fluid (CSF) 
(5,15). In humans, intrathecal and intraventricular 
administration of somatostatin has proved to be as 
effective as morphine in the treatment of chronic pain 
(5). Epidural administration of somatostatin, how- 
ever, at least theoretically, seemed less likely to produce 
analgesia because, unlike morphine (16), only small 
amounts of somatostatin penetrate the dura mater (5). 
The results of our study show, however, that epidural 
somatostatin is effective in relieving acute pain. The 
patients in the control group, matched in ASA cate- 
gory, age, weight, and type of operation, required 
considerable analgesic treatment. Patients given epi- 
dural somatostatin required no other postoperative 
analgesic. Thus very low concentrations of somato- 
statin in the CSF are capable of inducing potent an- 
algesia, as has been confirmed in successful intrathe- 
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cal treatment of cancer pain for up to 60 days by 
intrathecal infusion of somatostatin, at rates of up to 
50 ug per hour (17). 

We found that maintenance of analgesia in the early 
postoperative period with epidural somatostatin re- 
quires continuous epidural infusion. The somatosta- 
tin requirement varied greatly from patient to patient 
as did the amount of morphine needed when given 
by continuous-plus-on-demand epidural infusion after 
abdominal operations (18). Epidural somatostatin, 
however, does not appear to produce sedation, and 
patients remained alert and cooperative postopera- 
tively. To achieve a higher degree of sedation both 
during and after the operation, supplementary 
administration of diazepam proved necessary in some 
of the patients. 

Although opiate receptors are involved in the me- 
diation of analgesia by somatostatin in rats (15,19), 
administration of naloxone to two of our postopera- 
tive patients did not reverse the analgesic effect of 
somatostatin when administered in doses high enough 
to influence the analgesic effect of morphine (20). Re- 
cently, somatostatin receptors were shown to exist 
throughout the central nervous system (21), so it seems 
likely that somatostatin acts on its own receptor sites, 
which need not necessarily be opiate receptor sites. 

In summary, continuous epidural administration 
of somatostatin produced adequate analgesia in the 
early postoperative period. Serious side effects did 
not occur. 


The authors thank Professor Dr. A. Demaille for his support of this 
project and G. Harrant, CuraMED GmbH, Freiburg, and Dr. W. 
Kolbeck, Diamalt AG, Munich, West Germany, for providing the 
somatostatin. 
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Awake, unanesthetized, and paralyzed sheep made hypoxic 
and acidotic were given equivalent low and high intravenous 
doses of lidocaine and bupivacaine over 10 sec. Within 30 
sec of injections, all animals had electroencephalographic 
evidence of convulsions. After administration of low-dose 
lidocaine, arrhythmias associated with significant hemo- 
dynamic changes did not occur; after admin istration of high- 
dose lidocaine, half of the animals became hypotensive but 
had no arrhythmias other than sinus tachycardia. However, 
after administration of low-dose bupivacaine, all sheep had 
evidence of serious electrocardiographic changes or a rrhyth- 





mias, and one animal died. After administration of high- 
dose bupivacaine, serious electrocardiographic changes oc- 
curred in all animals, and despite resuscitative efforts, all 
died. The most common abnormality after bupivacaine 
administration was a wide-QRS-complex bradycardia, oc- 
curring in most animals regardless of dose. Two-thirds of 
the animals given high-dose bupivacaine had electrome- 
chanical dissociation and subsequent refractory asystole. Al- 
though the mechanism of action ts not known, bupivacaine 
appears to be more cardiotoxic than lidocaine. This toxicity 
is enhanced in animals by the presence of hypercarbia, ac- 
idosis, and hypoxia. 


Key Words: ANESTHETICS, LocaL—bupivacaine, 
lidocaine. HEART—arrhythmia. TOXICITY—local 
anesthetic. 


p—s 


a ee 


In a previous study of the effects of bupivacaine and 
lidocaine in unpremedicated conscious sheep, rapid 
intravenous injection of convulsant (or higher) doses 
of bupivacaine produced severe cardiac arrhythmias 
(1). Despite the use of relatively high-dose bupiva- 
caine (4.2 mg/kg), most of these animals survived after 
only minimal therapy. These results do not explain 
the fatal cardiac arrests in humans after accidental 
intravenous injection of bupivacaine (2,3). Humans 
may quickly become severely hypoxic and acidotic 
after seizure (4), whereas the conscious sheep hy- 
perventilated and became neither hypoxic nor aci- 
dotic. Thus the present study is designed to simulate 
more closely the accidental intravenous injection of 
local anesthetic that rapidly produces hypoxia and 
acidosis in humans. 


Methods 


After approval of our Committee on Animal Research, 
ewes 2-3 yr of age weighing 32-59 kg had preparatory 
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surgery while anesthetized with halothane in oxygen. 
Polyvinyl catheters were inserted into a femoral artery 
for continuous recording of blood pressure, into a 
femoral vein for drug injection, and into a carotid 
artery for obtaining blood samples. A flow-directed 
pulmonary artery catheter with atrial and ventricular 
pacing electrodes was inserted through a neck inci- 
sion via the internal jugular vein to record intracardiac 
electrocardiogram (ECG). A tracheostomy was per- 
formed, and a #9 cuffed Portex tracheostomy tube 
was left in place to facilitate adequate ventilation. Two 
metallic screws were inserted into the cranium ap- 
proximately 1 cm on each side of the midline in the 
parietal bone for continuous monitoring of the elec- 
troencephalogram (EEG). Animals were allowed to 
recover for at least 24 hr. 

On the study day, ewes were paralyzed with suc- 
cinylcholine, 2 mg/kg, and their lungs ventilated with 
room air to maintain a normal Paco». Surface and 
intracardiac ECG, EEG, and arterial pressures were 
recorded continuously on a Grass polygraph. After a 
30-min control period, acute respiratory acidosis was 
induced by ventilation with a mixture of air and 12% 
CO,; analyses of arterial blood gases were performed 
3, 5, and 8 min later. Eight minutes after the induction 
of hypercapnia, the following blood gas values (mean 
+ SEM) were obtained: pHa, 7.15 + 0.07; Paoz, 50 + 
15 mm Hg; and Paco2, 85 + 10 mm Hg. During the 
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period of hypoxia and acidosis, sheep were injected 
intravenously over 10 sec with one of the folowing 
doses: 5.7 mg/kg of 2% lidocaine (n = 5); 11.4 mg/kg 
of 2% lidocaine (n = 6); 2.1 mg/kg of 0.75% bupiva- 
caine (n = 6); or 4.2 mg/kg of 0.75% bupivacaine (n 
= 6). The doses were identical to those used in a 
previous study of bupivacaine-induced cardiac ar- 
rhythmias in nonacidotic sheep (1). 

If the animals were feeding normally and were am- 
bulatory, vigorous, and afebrile 24 hr after the first 
exposure to intravenous lidocaine or bupivacaine, they 
were studied again, using an alternate drug or dose. 
Not every animal was given all four doses of local 
anesthetics. Some animals were excluded from study 
when they developed pyrexia or pulmonary compli- 
cations due to tracheostomies; others died before an 
alternate drug or dose could be given. The low doses 
were chosen to simulate accidental intravenous in- 
jection during epidural anesthesia in humans. Higher 
doses were selected to exaggerate the cardiac effects 
of such an injection. 

After injection of bupivacaine or lidocaine, venti- 
lation was discontinued for 90 sec and then resumed 
with an Fio, of 1.0 and a flow rate of 15 L/min to 
improve Pao, during resuscitation. Thioperatal, 1 
mg/kg, was given intravenously to terminate seizure 
activity that persisted more than 30 sec, monitored 
by the EEG. 

To measure arterial blood gas tensions, acid~base 
status, and local anesthetic drug concentrations, we 
obtained baseline blood samples before and at 30 sec, 
and 1, 2, 3, 4, 5, 10, 15, 20, and 30 min after the 
injection of local anesthetic. Whole-blood drug con- 
centrations were determined using a gas-liquid chro- 
matographic technique. The concentrations of bupiv- 
acaine in whole blood were determined using a 
modification of the gas chromatographic method de- 
veloped by Asling et al. (5). Cyclizine hydrochloride, 
0.4 ng/ml, was used as the internal standard, and the 
concentrations of NaOH and HCI were 0.5N and 0.1N, 
respectively. The oven temperature was increased to 
220° C. The extraction and concentration procedures 
used were those described by Asling et al. Surface 
and intracardiac ECG, EEG, and heart rate were re- 
corded continuously. If cardiovascular collapse oc- 
curred, closed-chest cardiac compression and intra- 
venous pharmacologic therapy (epinephrine, atropine, 
ephedrine, and calcium chloride) were administered 
according to the guidelines of the American Heart 
Association. Direct-current countershocks were given 
at 50-400 joules when ventricular fibrillation oc- 
curred. These resuscitative measures continued for 
15-20 min. 

For analysis of hemodynamic and ECG data, terms 
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were defined as follows. Significant hemodynamic 
changes refers to changes in mean arterial pressure 
(MAP) of more than 50% after drug injection. Sinus 
rhythm exists when the baseline rhythm rate is within 
25% of that before drug injection. Sinus bradycardia 
occurs when the baseline rhythm rate decreases more 
than 25% and QRS complexes are normal. Sinus 
tachycardia is said to have occurred when the baseline 
rhythm rate increases more than 25% and QRS com- 
plexes are normal. Atrioventricular conduction block 
is conduction of less than 1:1 between atria and ven- 
tricles, or no atrioventricular conduction in the pres- 
ence of discernible atrial activity. A wide-QRS-com- 
plex rhythm is a rhythm lasting at least 10 sec or 10 
beats with no discernible atrial activity preceding the 
QRS complex. Also, the duration of the ORS complex 
must be more than 100% greater than its baseline 
value, at a rate within 25% of control. Wide-QRS- 
complex bradycardia occurs when a wide-ORS-com- 
plex rhythm is accompanied by a rate decrease of 
more than 25% from baseline rate. Its opposite, wide- 
QRS-complex tachycardia, consists of wide-QRS- 
complex rhythm with a rate increase of more than 
25% from baseline rate. Electromechanical dissocia- 
tion is organized electrical activity with no pulsations 
visible during direct intraarterial tracing. 

We compared data using analysis of variance and 
unpaired Student's t-test. A probability level of less 
than 0.05 was considered Statistically significant. 


Results 


There were no significant differences in animal weights 
among the four groups. All animals had EEG evidence 
of seizure activity within 30 sec of the intravenous 
injection of bupivacaine or lidocaine. Clinical seizure 
activity (convulsion) was suppressed by the pro- 
longed action of succinylcholine in sheep. Approxi- 
mately half of the animals in each group were given 
thiopental. Although thiopental, 1 mg/kg intrave- 
nously, usually terminated the seizure activity, on 
two occasions a second dose was required to end 
seizures. 

At the time of injection, all animals were hyper- 
carbic and moderately hypoxemic (Figs. 1-3). No sig- 
nificant differences existed among the four groups. 
During the 90 sec of apnea after injection, arterial 
blood gas tensions did not change significantly (Figs. 
1-3). 

Arrhythmias did not occur before the intravenous 
injection of either anesthetic or before onset of sei- 
zures. The ECG changes and rhythms, the incidence 
of significant hemodynamic changes (i.e., changes in 
MAP of at least 50%), and the incidence of death are 
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Figure 1. Change in arterial pH in sheep made hy- 5 
sọxic and hypercapnic and given lidocaine or bupiv- T og 


acaine intravenously at one of two dose levels. Ab- 
previations: CO2, period of induced respiratory acidosis 


hypercapnia); SZ, time of seizure. The times of drug 7.) 


injection and onset of resuscitation are shown. 


shown in Table 1. Changes in heart rate and mean 
arterial blood pressure are shown in Figures 4 and 5. 
After administration of low-dose lidocaine, no animal 
(n = 5) had significant hemodynamic change, and 4 
of 5 animals had sinus tachycardia. After injection of 
high-dose lidocaine (n = 6), 3 of 6 animals had a 
decrease in mean arterial blood pressure of over 50%: 
1 had sinus tachycardia, and 2 remained in sinus 
thythm. The three ewes with no significant hemo- 
dynamic changes developed sinus tachycardia. 

In contrast, after administration of low-dose bu- 
pivacaine (n = 6), 3 of 6 animals had significant hemo- 
dynamic changes, and all sheep had evidence of se- 
rious ECG changes or arrhythmias; one animal died. 
Animals given high-dose bupivacaine (n = 6) also had 
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Figure 2. Change in Paco. in sheep made ~ 
hypoxic and acidotic with 12% CO, and 6 30 
given lidocaine or bupivacaine intrave- (5 
nously at one of two dose levels. Abbre- O 40 
viations: CO, period of induced respira- 
tory acidosis (hypercapnia); SZ, time of 30 
seizure. The times of drug injection and 
onset of resuscitation are shown. 20 
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evidence of serious ECG changes, and, despite vig- 
orous resuscitative efforts, became hypotensive and 
died. 

The most common abnormality after bupivacaine 
administration was wide-QRS-complex bradycardia, 
occurring in most animals regardless of dose. Many 
of the animals given bupivacaine had more than one 
type of arrhythmia. Two-thirds of the animals given 
high-dose bupivacaine had electromechanical disso- 
ciation and refractory asystole. 

Ventilation with 12% carbon dioxide and air 
produced a significant increase in blood pressure (about 
40%) in all animals in all groups, and a small but 
statistically insignificant increase in heart rate. After 
local anesthetic injection and subsequent resuscita- 
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Figure 3. Change in Pao, in sheep made hypoxic and 
hypercapnic and given lidocaine or bupivacaine in- 
travenously at one of two dose levels. Abbreviations: 
CO,, period of induced respiratory acidosis (hyper- 
capnia); SZ, time of seizure. The times of drug injec- 
tion and onset of resuscitation are shown. 
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40 : 
20 
Hira a T Aa a as 
SZ 12345 10 15 20 30 
CO3 
Control 


TIME (min) 


tion, MAP decreased as Paco, was corrected with 
hyperventilation. During resuscitation, respiratory 
acidosis and hypoxemia were corrected rapidly. Dur- 
ing the first 3 min after drug injection, there were ne 
significant differences in arterial pH, Pco, or Pœ 
among the animals in each of the four groups. After 
3 min of resuscitation, all animals had a Pao, greater 
than 100 mm Hg (Fig. 3) and a pHa greater than 7.2 
(Fig. 1). Significant metabolic acidosis did not occur 
in any group at any time. The greatest base deficit, 
4.6 mEq/L, occurred in animals given the high dose 
of bupivacaine. After injections of high-dose bupiv- 
acaine, all animals were without systolic arterial pres- 
sure within 2 min as a result of electromechanical 
dissociation. After 3 min, the animals given high-dose 
bupivacaine had significantly higher arterial pH val- 
ues and lower arterial PCO, values than did arimals 
in the other three groups. This was associated with 
bicarbonate administration and ventilation, and in- 


adequate circulatory support, with mean arterial pres- 
sures below 50 mm Hg during closed-chest massage. 
None of the animals requiring closed-chest cardiac 
massage survived. 

The peak concentrations of anesthetic in blood oc- 
curred 30-60 sec after injection of either anesthetic 
(Figs. 6,7). The concentrations of lidocaine in blood 
for both high- and low-dose groups rapidly decreased 
to less than 7 ug/ml 5 min after injection (Fig. 6). The 
concentration of bupivacaine in blood, especially for 
the higher dose, remained in toxic ranges, above 2-3 
ug/ml (6), for more than 15 min after injection (Fig. 
7). 


Discussion 


We found that intravenous bupivacaine, but not lid- 
ocaine, produced fatal cardiovascular collapse during 
moderate hypoxia and acidosis. Previous animal stud- 
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Figure 4. Change in heart rate in sheep E 30 ! 
made hypoxic and hypercapnic and given O / 
lidocaine or bupivacaine intravenously at * ao 
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period of induced respiratory acidosis S 10 
(hypercapnia); SZ, time of seizure; *, one = 
animal that received low-dose bupiva- œ 0 JA 
caine and all animals that received high- Ș 4 
dose bupivacaine required cardiopulmo- = ‘ 
nary resuscitation, The heart rate changes < & -10 
after onset of resuscitation are excluded K 
for these animals. The times of drug in- = ~20 
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Table 1. Significant Electrocardiographic Rhythms, 
Hemodynamic Changes, and Death—Incidence after 
Injection of Lidocaine or Bupivacaine at Two Dose Levels 
in Sheep (in%) 


Lidocaine’ Bupivacaine” 


Low dose High dose Low dose High dose 


(7= 5) (1 = 6) (1 = 6) (Hn = 6) 


Significant 0 50) 50 100 
hemodynamic 
changes 
Sinus rhythm 20 eS 0 0 
Sinus bradycardia 0 0 0 33 
Sinus tachycardia 80 66 0 0 
Atrioventricular 0 0 0) 50 
conduction 
block 
Wide-QRS- 0 0 33 50 
complex rhythm 
Wide-QRS- 0 0 50 83 
complex 
bradycardia 
Wide-QRS- 0 0) 0 I? 
complex 
tachycardia 
Electromechanical 0 0 i 66 
dissociation 
Death 0 0 17 100 
2% lidocaine: low dose = 5.7 mg/kg: high dose = 11.4 MERE 
0.75% bupivacaine: low dose = 2.1 mg/kg; high dose = 4.2 mg/kg. 
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ies of bupivacaine cardiotoxicity have used a variety 
of experimental models and have produced conflict- 
ing results. De Jong et al. (7) found that bupivacaine, 
but not lidocaine, caused severe cardiac arrhythmias 
in cats infused with threshold-convulsant and supra- 
convulsant doses of local anesthetics. Sage et al. (8) 
found that in some unanesthetized dogs, severe car- 
diac arrhythmias occurred after a 30-sec intravenous 
administration of a convulsive dose of bupivacaine, 
and not lidocaine. However, Liu et al. (9) found that 
hemodynamic function deteriorated similarly as in- 
creasing doses of bupivacaine, lidocaine, etidocaine, 
prilocaine, or mepivacaine were administered to anes- 
thetized and mechanically ventilated dogs. Liu et al. 
also compared threshold-convulsant doses of bupiv- 
acaine and lidocaine with doses required to produce 
toxic cardiovascular reaction in awake dogs and found 
that bupivacaine was no more toxic than lidocaine 
(10). Furthermore, when Munson et al. (11) evaluated 
bupivacaine-induced convulsions in subhuman pri- 
mates, they observed no cardiac arrhythmias; their 
methods, however, differ from ours in that bupiva- 
caine or lidocaine were infused relatively slowly, rather 
than injected rapidly, and animals were neither hy- 
poxic nor acidotic. 
Kotelko et al. (1) evaluated the effects of 10-sec 
infusions of bupivacaine and lidocaine in unanesthe- 
tized sheep (n = 14). Although bupivacaine produced 
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severe cardiac arrhythmias, severe hypoxia and aci- 
dosis did not occur, and none of the animals died. 
The lowest PaO, was 53 mm Hg, the highest Paco, 
was 54 mm Hg, and the lowest pH was 7.36. We 
believe the relative absence of hypoxia and acidosis 
was significant. 

Sage et al. (12), studying isolated bathed guinea 





LIDOCAINE (ug/ml) 


pig atrial preparations, found that neither hypoxia nor 
metabolic or respiratory acidosis alone enhanced atrial 
depression caused by local anesthetics, whereas con- 
ditions simulating combined hypoxia/acidosis greatly 
enhanced bupivacaine-induced cardiac depression. In 
addition, Moore et al. (4) demonstrated that despite 
prompt ventilation and termination of local anes- 


@——@ Lidocaine (11.4 mg/kg) n= 6 
O--- Lidocaine (5.7 mg/kg) n= 5 


Figure 6. Change in whole-blood drug levels of lid- 
ocaine (mean + SEM) in sheep made hypoxic and aci- 
dotic and given lidocaine intravenously at one of two 
dose levels. Abbreviations: SZ, time of seizure. Sei- 
zure occurred at a variable time after injection of lid- 
ocaine, but always prior to | min. 
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Figure 7. Change in whole-blood drug levels of bu- 
pivacaine (mean + SEM) in sheep made hypoxic and 
acidotic and given bupivacaine intravenously at one 
of two dose levels. Abbreviations: SZ, time of seizure. 
Seizure occurred at a variable time after injection of 
bupivacaine, but always prior to 1 min. 
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thetic-induced convulsions, the development of se- 
vere hypoxia and acidosis in humans may be una- 
voidable. In two cases, they found that within 60 sec 
of seizure, PaO, decreased to as low as 33 mm Hg and 
pH to as low as 6.99, while Paco, increased to as high 
as 76 mm Hg. 

Our present study confirms previous work on the 
cardiotoxicity of bupivacaine and demonstrates that 
such toxicity is exacerbated when associated with 
hypoxia and acidosis, two conditions commonly oc- 
curring with local anesthetic-induced convulsions. In 
our previous study of awake, unanesthetized, nor- 
moxic, nonacidotic sheep given intravenous high-dose 
bupivacaine, serious ECG changes occurred: 80% of 
the animals had tachyarrhythmias described as ven- 
tricular tachycardia; 60% had atrioventricular blocks; 
and all had wide QRS complexes. Results from the 
present study demonstrate that hypoxic and acidotic 
animals given the same high doses of bupivacaine 
became hypotensive and demonstrated serious ECG 
changes that included wide-QRS-complex arrhyth- 
mias and electromechanical dissociation. P-waves on 
ECG were not always discernible with these wide- 
ORS-complex arrhythmias, and ventricular tachycar- 
dia could not be distinguished from supraventricular 
tachycardia with aberrant conduction. Different types 
of arrhythmias were found after the use of high-dose 
bupivacaine in the two studies; those in the present 
study may be attributable to the presence of acidosis 
and hypoxia. All previously studied normoxic, non- 
acidotic animals given high-dose bupivacaine (n = 5) 
survived; in the present study, all hypoxic, acidotic 
animals given this dose died. 
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@——-@ Bupivacaine (4.2 mg/kg) n= 6 
O--~O Bupivacaine (2.1 mg/kg) n= 6 


TIME (min) 


Comparison of the concentration of local anesthetic 
in blood (using Student’s unpaired t-test) of hypoxic, 
acidotic animals with the concentration obtained in 
normoxic, nonacidotic animals (1) revealed no signif- 
icant differences for any group during the first 15 min 
after injection, with one exception: the high-dose bu- 
pivacaine group. In both studies, the first samples 
obtained after injection were drawn at the onset of 
seizure activity rather than at a fixed time after injec- 
tion. Thus these samples were obtained at variable 
times dependent on the onset of EEG seizure activity, 
and consequently, may not represent peak blood lev- 
els. Also, the standard error for anesthetic concen- 
trations measured in blood samples obtained at sei- 
zure onset is large. The overall higher levels of 
bupivacaine in blood samples of hypoxic, acidotic an- 
imals given high-dose bupivacaine probably results 
from decreased tissue perfusion and decreased drug 
uptake secondary to cardiovascular collapse. 

Although our animal model attempted to mimic 
the reported clinical conditions of bupivacaine- 
induced cardiotoxicity, there are limitations to apply- 
ing our data to humans. For example, although the 
cardiac conduction system in sheep may approximate 
that of humans, the systems are not identical. Fur- 
thermore, we induced hypoxia and acidosis before 
injecting local anesthetic, thereby possibly exagger- 
ating adverse effects. Although case reports of fatal 
cardiac arrest in humans after accidental intravenous 
injection of bupivacaine have usually pertained to 
parturients, the present study does not address the 
relative effects of pregnancy on bupivacaine cardi- 
otoxicity. Morishima et al. (13) found that pregnant 
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sheep required a smaller dose of bupivacaine to produce 
cardiovascular depression than did nonpregnant an- 
imals. It is also not clear why peak bupivacaine blood 
concentrations were so much higher than peak lido- 
caine blood concentrations. This discrepancy may have 
resulted because cardiovascular collapse occurred im- 
mediately after bupivacaine administration, thereby 
producing poor tissue perfusion and decreased tissue 
uptake of bupivacaine. 

A second limitation of this study is the possible 
inadequacy of the resuscitation provided. Using closed- 
chest massage, we were unable to maintain mean 
arterial pressures above 50 mm Hg, probably because 
of the anatomy of the sheep thorax. Possibly resus- 
citation and survival would have been more success- 
ful with open-heart massage. Kasten and Martin (14) 
reported successful resuscitation of dogs when using 
open cardiac massage to counteract the effects of a 
massive intravenous overdose of bupivacaine. How- 
ever, prior to drug administration, they had per- 
formed a sternotomy and pericardotomy in the dogs 
to allow prompt access to the open heart. 

Finally, the lack of randomization in this study may 
have biased the results. However, prior to each study, 
all animals appeared vigorous and unaffected by stud- 
ies performed previously. 

In summary, we believe the awake experimental 
model more closely simulates the clinical situation in 
which a local anesthetic is accidentally injected intra- 
venously in humans, potentially producing a car- 
diotoxic response. A possible explanation for the 
observed cardiotoxity of bupivacaine compared with 
lidocaine has been offered by Clarkson and Hon- 
deghem (15) who documented quantitative differ- 
ences in properties of frequency-dependent bleck for 
the two anesthetics. Bupivacaine had an enhanced 
affinity for inactive sodium channels and a verv slow 
dissociation rate from resting sodium channels. Sub- 
stantial accumulation of block occurred at heart rates 
between 60-150 beats/min, compared with the dia- 
stolic recovery from block that occurred with lido- 
caine. Our data further demonstrate that bupivacaine 
is more cardiotoxic than lidocaine, and that in animals 
this toxicity is enhanced by the prior presence of hy- 
percarbia, acidosis, and hypoxia. 


ROSEN ET AL. 
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Age and the Solubility of Volatile Anesthetics in Ovine Tissues 


Jerrold Lerman, MD, FRCP(C), George A. Gregory, MD, Mary M. Willis, Bs, 
Brigitte I. Schmitt, MD, and Edmond I. Eger 0, MD 


LERMAN J, GREGORY GA, WILLIS MM, SCHMITT BI, 
EGER EI 1. Age and the solubility of volatile anesthetics in 
ovine tissues. Anesth Analg 1985;64:1097-100. 


To determine the effect of age on the solubility of volatile 
anesthetics in tissues, we measured the blood/gas and tis- 
sue/gas partition coefficients of isoflurane, enflurane, hal- 
othane, and methoxyflurane in vitro at 37°C in newborn 
lambs and postpartum adult sheep. The tissue specimens 
examined were brain, heart, liver, kidney, muscle, and fat. 
Hematocrit and serum concentrations of albumin, globulin, 
cholesterol, and triglycerides weré measured. The blood/gas 
partition coefficients, hematocrit, and the serum concentra- 
tions of albumin, globulin, cholesterol, and triglycerides in 
the newborn lambs did not differ from those in the adult 
sheep. The tissue/blood partition coefficients [the ratio of 


The rate of increase in alveolar anesthetic partial pres- 
sure is more rapid in infants and children than in 
adults (1,2). This more rapid increase has been at- 
tributed to a greater ratio of alveolar ventilation to 
functional residual capacity, a preater fraction of the 
cardiac output perfusing the vessel-rich tissues (1,2), 
a greater alveolar ventilation and cardidc output per 
kg body mass, and significantly lower blodd/gas par- 
tition ¢oéfficients (3) in newborns than iri adults. An- 
other possible explanation, however, may be a dif- 
ference in the solubility of volatile anesthetics in 
newborn tissues. Cook et al. (4) found that the con- 
centiation of halothane in the brain of the newborn 
rat was less than that of the more mature adult rat. 
These investigators attributed this difference to an 
increased water content in the brain of the newborn 
rat. Widdowson (5) reviewed age-dependent changes 
in the concentrations of brain constituents in humans: 
the concentration of cholesterol was lower and the 
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(tissue/gas)/(blood/gas)] in newborn lambs were 28% [mean 
value for the four anesthetics] less than those in the adults. 
The tissue/blood partition coefficients for enflurane and me- 
thoxyflurane in newborn tissues were significantly less 
(P < 0.05) than those for halothane ahd isoflurane. We 
conclude that the blood/gas partition coefficients in sheep do 
not change significantly with age, that the tissue/blood par- 
tition coefficients in sheep incredse with age, and that the 
time required for equilibration of volatile anesthetics (par- 
ticularly enflurane and methoxyflurane) in newborn tissues 
is probably less than in adult sheep. 


Key Words: ANESTHETICS, voLATILE—enflurahe, 
halothane, isoflurane, methoxyflurane. AGE—adult, 
newborn. SOLUBILITY—blood, tissue. 


wate content higher in the brains of newborns than 
in the brains of adults. Therefore, the solubility of 
volatile anesthetics in brain and other tissues might 
increase with age. Such an increase would explain the 
more tapid rate of increase in alveolar anesthetic par- 
tial pressure in infants and children than in adults. 

To determine the effect of age on the solubility of 
volatile anesthetics in tissues, we measured the 
blood/gas and the tisste/gas partition coefficients of 
isoflurane, enflurane, halothane, and methoxyflurane 
in the brain, heart, liver, kidney, muscle, and fat in 
newborn lambs and adult sheep. 


Methods 

Blood and tissue specimens were obtained from seven 
healthy newborn lambs (less than 7 days of age and 
weighing less than 5 kg) and six postpartum adult 
sheep (within 3 days after parturition). Fifteen ml of 
blood were aspirated from an indwelling arterial or 
venous catheter and divided into an 8-ml anticoa- 
gulated (with EDTA) specimen for determination of 
hematocrit and blood/gas partition coefficients, and a 
7-ml clotted specimen for determination of serum con- 
centrations of albumin, globulin, cholesterol, and tri- 
glycerides. After blood was collected, animals were 
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anesthetized with intravenous pentobarbital and killed. 
Tissue specimens were removed from the brain (mix- 
ture of grey and white matter), heart (lateral free-wall 
of the left ventricle), kidney (renal cortex), liver (pa- 
renchyma), muscle (quadriceps), and fat (perirenal 
or omentum). To minimize variability in tissue/gas 
partition coefficients, we carefully collected the tissue 
specimens from comparable areas of organs in each 
animal. Each tissue specimen was dissected from the 
organ, and the capsule and fascia were removed. Blood 
was expelled from each specimen, and the bleod ves- 
sels were dissected and removed from the specimen. 

The tissue specimens were prepared for measure- 
ment of the tissue/gas partition coefficients immedi- 
ately after collection. (A small number of specimens 
was refrigerated in normal saline for 18 hr befcre anal- 
ysis. This had no effect on the solubility determina- 
tions.) The volume of each tissue specimen was mea- 
sured by saline volume displacement. Each specimen 
was then homogenized in a volume of saline (0.9% 
sodium chloride) equal to three times the volume of 
the specimen, using a mini-cup Waring blender (20,000 
rpm). The homogenate was filtered through a 10-in? 
aluminum mesh screen to remove extraneous fascia, 
which spuriously decreases the tissue/gas partition 
coefficient by increasing the volume of homegenate 
and by contributing its very low anesthetic solubility. 
The net volume of tissue present in the homegenate 
was determined as being the difference between the 
volume of the tissue specimen and the volume of 
extraneous fascia (measured by saline volume dis- 
placement). These refinements in tissue preparation 
were performed to minimize variability in the parti- 
tion coefficient determinations in tissue specimens from 
different sheep. 

Blood/gas and tissue/gas partition coefficients were 
determined by equilibrating 2-3 ml of blood or ho- 
mogenate with 15 ml of a mixture of anesthetic gases 
(isoflurane, enflurane, halothane, and methexyflur- 
ane) in a silicone-greased glass syringe. The syringe 
was incubated in a water bath at 37°C for 2 hr and 
shaken vigorously as described previously (6). 

After 2 hr of incubation, we measured the concen- 
trations of anesthetics in the gas phase using gas chro- 
matography. We determined the concentrations of 
anesthetics in the homogenate phase by aspirating an 
aliquot of homogenate into an evacuated flask, dis- 
sipating the vacuum with air, and equilibrating the 
contents of the flask at 37°C for 1 hr as described 
previously (6). The tissue/gas partition coefficient, de- 
rived from a mass balance wherein the anesthetic con- 
tent of the homogenate is equal to the sum of the 
anesthetic contents of the tissues and saline, is ex- 
pressed as follows: 
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where Ay, Ay, and às are the tissue/gas, homoge- 
nate/gas, and saline/gas partition coefficients, respec- 
tively; and V; and Vs are the volumes (ml) of tissue 
and saline, respectively. The saline/gas partition coef- 
ficient for each anesthetic was determined previously 
(6). The tissue/blood partition coefficient for each tis- 
sue was determined to be the ratio of the tissue/gas 
and blood/gas partition coefficients. 

The serum concentrations of albumin, globulin, 
cholesterol, and triglycerides were measured in both 
newborn lambs and adult sheep. 

Statistical significance (P < 0.05) was determined 
using the Bonferonni t-test (7), one-way analysis of 
variance, and the Student-Newman-—Keuls test (8). 


Results 


The mean blood/gas partition coefficients for newborn 
lambs did not differ significantly from those for adult 
sheep (Table 1). The tissue/blood partition coefficients 
for newborns and adults in all of the tissues except 
fat ranged from 1.05 to 3.11. Tissue/blood partition 
coefficients were 28% (mean value) lower in newborn 
tissues than in adult sheep (Table 1). Tissue/blood 
partition coefficients for newborn brain, heart, liver, 
and kidney were significantly lower for enflurane and 
methoxyflurane than for isoflurane and halothane. 
The tissue/blood partition coefficients for newborn 
muscle were significantly lower for enflurane and me- 
thoxyflurane than for halothane. The tissue/blood 
partition coefficients for newborn fat were signifi- 
cantly lower for enflurane than for isoflurane and hal- 
othane. The tissue/blood partition coefficients for adult 
tissues did not differ among the anesthetics. 

Because fat samples from the adult sheep could not 
be homogenized satisfactorily, fat/gas partition coef- 
ficients were not determined for adult sheep. The 
mean hematocrit and serum concentrations of albu- 
min, globulin, cholesterol, and triglycerides in new- 
born lambs did not differ significantly from those in 
adult sheep (Table 2). 


Discussion 


The tissue/blood partition coefficients in sheep are in 
close agreement with previous results (9). The differ- 
ences in tissue/blood partition coefficients among the 
four anesthetics did not parallel the differences in 
either blood/gas partition coefficients or lipid solubil- 
ity of the four anesthetics. Although only a small 
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Table 1. Mean Blood/Gas and Tissue/Blood Partition Coefficients in Newborn Lambs and Adult Sheep 
Partition coefficients Isoflurane Enflurane Halothane Methoxyflurane 
Blood/gas 
Newborn 1.22 + 0.09 1.71 + 0.14 2.35 + 0.16 14.2 + 1.2 
Adult tAr O41 J3 #010 2.46 + 0.16 14.6 + 0.43 
Tissue/blood 
Brain 
Newborn 1.45 + 0.26 1.10 + 0.16 1.61 + 0.22" 1.16 + 0.30° 
Adult 2.10 + 0.90 1.52 + 0.44 2.39 + 0.29" 1.81 + 0.08" 
Heart 
Newborn 1.89 + 0.15 1.42 + 0.13” 1.85 + 0.16 1.22 + 0.16° 
Adult 2A O55 1.83 + 0.28% 2.17 +032 1.64 + 0.13" 
Liver 
Newborn 1.84 + 0.15" 1.46 + 0.17" 1.97 + 0.16" 1.56 + 0.124 
Adult ZIL 2 75" 2.37 - DA? 3.04 + 0.78" 2.39 + 0.49" 
Kidney 
Newborn 2952 0.71 1.05 + 0.148 1.30 + 0.12 1.10 + 0.13 
Adult 1.79 + 0.25 1.41 + 0.08" 1.72 + 0.22 1.21 + 0.08 
Muscle 
Newborn 1.55 + 0.23 1.19 + 0.17 1.71 + 0.41 1.22 + 0.36 
Adult 2.18 + 0.67 1.61 + 0.61 2.24 + 0.85 1.96 + 0.79 
Fat 
Newborn 32S 2 3 24.9 + 3.5 34.5 + 3.7 28.8 + 6.0 


Data are means $ si. 
“P< 0.05 between newborn lambs and adult sheep, 





The mean blood’gas and tissue/blood partition coefficients for newborn lambs and adult sheep at 37°C. The tissue/blood partition coefficients in newborn 
lambs were 28% less than those in adult sheep. The fat/blood partition coefficients for adult sheep were not determined. The tissue/blood partition coefficients 
for enflurane and methoxyflurane in newborns were significantly less than those for isoflurane and halothane (P < 0.05) (see text). 


number of sheep was studied in each group, approx- 
imately half of the tissue/blood partition coefficients 
measured in newborn lambs were significantly lower 
than those in adult sheep. It is likely that a larger 
proportion of the tissue/blood partition coefficients 
would have been significantly different had more sheep 
been studied. Tissue/blood partition coefficients in- 
crease with age. 

In a previous study, we found a significant differ- 
ence with age in the blood/gas partition coefficients 
in humans (3). We attributed this difference to parallel 
changes in the concentrations of serum constituents 
with age. However, in the present study, blood/gas 
partition coefficients in newborn lambs did not differ 
significantly from those in adult sheep. This was not 
surprising because the concentrations of serum con- 
stituents in newborn lambs did not differ significantly 
from those in adult sheep (Table 2). 

Results for the tissue/blood partition coefficient de- 
terminations in postpartum adult sheep may under- 
estimate the partition coefficients in nonpregnant adult 
sheep. Because the tissue/blood partition coefficient 
is the ratio of the tissue/gas and blood/gas partition 
coefficients, changes in either the tissue/gas or 
blood/gas partition coefficient may affect the tis- 
sue/blood partition coefficient. The serum triglyceride 
concentrations in the postpartum adult sheep were 
10% of those for nonpregnant adult sheep (10,11). 


Although this should decrease the blood/gas partition 
coefficient, the effect is likely to be small (3). The effect 
of pregnancy on salt and water retention may be of 
greater importance. In pregnant humans, salt and water 
retention increases the blood volume and decreases 
the serum albumin concentration (12,13). If similar 
changes were also true for sheep, then this may re- 
duce the blood solubility of anesthetics in postpartum 
sheep. The net effect of the lower triglyceride con- 
centration and increased salt and water content should 
result in minimal changes in the blood/gas partition 
coefficients in postpartum sheep. Water retention 
during pregnancy might also increase the water con- 
tent of tissues. This would decrease the tissue/gas 
partition coefficient and lead us to underestimate the 
actual tissue/blood partition coefficient for nonpreg- 
nant adult sheep. This latter hypothesis may explain 
in part, the small differences in tissue/blood partition 
coefficients between newborn lambs and postpartum 
adult sheep in this study (Table 1). 

This study demonstrated that volatile anesthetics 
are less soluble in tissues of newborn lambs than in 
tissues of adult sheep (Table 1). The reduced tis- 
sue/blood partition coefficients in newborn lambs de- 
crease the tissue capacity for anesthetics and thereby 
shorten the time constant for anesthetic equilibration 
in the tissues. As a consequence, the rate of increase 
of the partial pressure of anesthetics in tissues might 
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Table 2. Blood Chemistry for Newborn Lambs and Adult 
Sheep 


Newborn lambs ‘ 


Acult sheep 


Hematocrit (vol%) ao 5 


+ 11 34.5 +5 
Serum concentrations 
Albumin (gm/dl) 2.77 + 0.24 3.26 + 0.63 
Globulin (gm/dl) 34/7 + 1.6 3.43 + 0.85 
Cholesterol (mg/d!) 92.9 + 38 69:0 + 19 
Triglyceride (mg/dl) 25.3 21 70 + 4.9 


Data are means + sp. The hematocrit and serum constituent-concentra- 
tions in newborn lambs were not significantly different from these in adult 
sheep. The serum concentrations of albumin and globulin were less, whereas 
those of cholesterol and triglycerides were greater in the newborn lambs 
than in the adult sheep. 


be more rapid in newborn lambs than in adult sheep. 
Based on these differences in solubility, one might 
also predict that the rate of increase in alveolar an- 
esthetic partial pressure in newborn lambs would be 
more rapid than in adult sheep. If this difference in 
anesthetic solubility with age were also true in human 
tissues, it would be consistent with previous studies 
reporting a more rapid increase in alveolar anesthetic 
partial pressure in infants and children than in adults 
(1,2). It would follow, therefore, that the reduced sol- 
ubility of volatile anesthetics in the tissues of newborn 
lambs may explain, in part, the more rapid rate of 
increase in alveolar anesthetic partial pressure in in- 
fants and children than in adults. 

For newborn tissues, tissue/blood partition coeffi- 
cients were significantly lower for enflurane than for 
isoflurane and halothane. As a result, the rate of in- 
crease in the partial pressures of anesthetics in new- 
born tissues would be expected to be greater for en- 
flurane than for isoflurane and halothane. This, 
together with the relatively small blood/gas partition 
coefficient for enflurane, supports the observation that 
enflurane equilibrates rapidly in the alveolae and fur- 
thermore suggests that it may equilibrate more rap- 
idly in the tissues than either isoflurane or halothane. 

The clinical importance of this effect of age on the 
rate of increase in alveolar and tissue anesthetic partial 
pressures varies for the four volatile anesthetics. If 
alveolar ventilation and cadiac output are held con- 
stant, then the effect of age on differences in the tis- 
sue/blood partition coefficient and, therefore, on the 
rate of increase in anesthetic partial pressure would 
depend on the relative magnitude of the oe 
and tissue/blood partition coefficients. For example 
if the tissue/blood partition coefficient of a poerly sol- 
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uble anesthetic increased, then the rate of increase in 
tissue anesthetic partial pressure may slow. However, 
this effect on the rate of increase in alveolar anesthetic 
partial pressure would be minimal. In contrast, if the 
tissue/blood partition coefficient of a more soluble an- 
esthetic increased, not only would it slow the rate of 
increase in tissue anesthetic partial pressure but it also 
would compound the effect of the increased blood/gas 
partition coefficient. The result would be a slowing 
of the rate of increase in alveolar anesthetic partial 
pressure. Thus the clinical significance of changes in 
the tissue/blood partition coefficients may be more 
evident for the more soluble volatile anesthetics. 
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A Double-Blind Comparison of Multiple Intramuscular Doses of 
Ciramadol, Morphine, and Placebo for the Treatment of 


Postoperative Pain 
W. Forrest Powell, MD 


POWELL WF. A double-blind comparison of multiple 
intramuscular doses of ciramadol, morphine, and placebo 
for the treatment of postoperative pain. Anesth Analg 
1985;64:1101-7. 


Ciramadol, an agonist—antagonist analgesic (in intramus- 
cular doses of 30 and 60 mg) was compared with 10 mg of 
morphine and placebo in a double-blind, paraliel study in 
160 patients with postoperative pain. The patients were 
assigned randomly to one of the four treatment groups and 
could receive a dose of the medication every 3 hr as needed 
for 48 hr; a maximum of six doses was allowed in a 24-hr 
period. Formal efficacy assessments using standard pain 
intensity and pain relief scales were restricted to the initial 
dose period. The three active therapy groups had signifi- 
cantly (P < 0.05) higher analgesia scores than the placebo 
group on all efficacy scales. The mean cumulative efficacy 


The demonstration that certain drugs could antago- 
nize the effects of narcotics as well as produce anal- 
gesia led to the development of narcotics with mixed 
agonist~antagonist activity as potentially nonaddict- 
ing analgesics (1). Ciramadol, [1R-[la(R*), 2a]]-3-[(di- 
methylamino)-(2-hydroxycyclohexyl)methyl]phenol, 
hydrochloride, is one of the new analgesics in the 
class of partial agonists. It is not related chemically to 
_ the narcotics (Fig. 1). In laboratory animals, ciramadol 
was shown to be an effective analgesic when admin- 
istered orally or parenterally and to have narcotic an- 
tagonist activity that is slightly less than that of na- 
lorphine (2). 
Ciramadol is nonconstipating in laboratory ani- 
mals, and studies of human colonic myoelectric ac- 
tivity have demonstrated that ciramadol does not 
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scores for the initial dose evaluation were highest for 60 mg 
of ciramadol; however, patients’ overall evaluations of ther- 
apy were highest in the morphine group. Nausea and vom- 
iting were the most frequent adverse experiences (15-25% 
incidence); however, there were no Statistically significant 
differences between groups in their occurrence. A greater 
percentage (P < 0.05) of patients reported skin reactions 
in the 60 mg ciramadol group (15%) than in the 30 mg 
ciramadol (0%) and placebo (0%) groups. Sedation was 
slightly higher with the active therapies than with placebo. 
Changes in vital signs were minimal, It is concluded that 
60 mg of ciramadol compares favorably with 10 mg of mor- 
phine as a postoperative analgesic. 


Key Words: ANALGESICS—ciramadol. PAIN— 
postoperative. | 


produce narcotic-like effects on the colon (unpub- 
lished observations). The drug’s effects on cardiovas- 
cular and respiratory functions have been minimal in 
dogs (3) and in humans (unpublished observations), 
and animal studies suggest that ciramadol has a low 
potential for addiction and dependence (unpublished 
observations). In humans, ciramadol is rapidly ab- 
sorbed after oral administration or intramuscular in- 
jection, with approximately 80 and 96%, respectively, 
available to the systemic circulation (4). Urinary ex- 
cretion of ciramadol and its conjugated metabolites 
accounts for nearly all of the drug given (4). Its elim- 
ination half-life is 4-5 hr (4,5). 

The results of early clinical trials suggested that 
20-60-mg doses of orally administered ciramadol were 
effective in the treatment of chronic pain due to cancer 
(6,7). Subsequently, oral doses of 90 mg of ciramadol 
were shown to be superior to 60 mg of codeine for 
the relief of cancer pain (8). The analgesic effects of 
15-60 mg oral doses of ciramadol also have been dem- 
onstrated in the treatment of postepisiotomy and 
postoperative pain (9-12). In addition, the incidence 
of side effects reported in these studies has been low. 
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[1R-[1a(R*),2a]]-3-[ (dimethylamino)- 
(2-hydroxycyclohexyl)methy!]phenol, hydrochloride 


Figure 1. Chemical structure of ciramadol. 


The findings of an open, uncontrolled study sug- 
gested that 20 mg of ciramadol, administered intra- 
venously, could provide relief of severe pain due to 
renal colic (13). Other results indicated that a 30-mg 
dose of intramuscular ciramadol was equivalent to 10 
mg of morphine for the relief of postoperative pain 
(personal communication, F. Camu, Department of 
Anesthesia, Academisch Ziekenhuis, Vrije Universi- 
teit Brussel, Brussels, Belgium). A similar investiga- 
tion in postoperative pain, however, failed to show 
an analgesic response with either 30- or 60-mz doses 
of intramuscularly administered ciramadol (14). 

The present multiple-dose study was designed to 
evaluate further the relative analgesic potency ef these 
two doses of intramuscularly administered ciramadol 
by comparison with morphine and placebo. 


Methods 
Study Design 


This four-group parallel study was conducted in a 
double-blind fashion. The participants were 160 pa- 
tients who experienced moderate or severe pain after 
surgery. Candidates for inclusion in the study were 
male or female patients of any race who were 18-65 
yr of age, weighed between 100 and 210 Ib, ard were 
classified as ASA physical status I or H as defined by 
the American Society of Anesthesiologists. Patients 
excluded were those who had a history of chronic 
analgesic or tranquilizer use or drug dependence, were 
sensitive to narcotics or narcotic antagonists, had re- 
ceived analgesics within 3 hr or psychotropie medi- 
cation within 6 hr of the administration of the study 
medication, were taking interfering or potentially in- 
teracting medications, or were unable to communicate 
meaningfully regarding their pain. Pregnant women 
and women who were breast-feeding were excluded 
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also. Each patient gave written consent before partic- 
ipating, and approval for this investigation was granted 
by the hospital’s research review committee. 

The patients underwent general surgical, or- 
thopedic, or gynecologic operations. There were no 
restrictions on the drugs used for anesthesia. For most 
procedures, anesthesia was induced by intravenous 
thiopental and was maintained by various inhalation 
anesthetic agents supplemented by skeletal muscle 
relaxants, barbiturates, and narcotics. 

Atter surgery, the patients were randomly as- 
signed to receive one of the following drug treat- 
ments: 30 mg of ciramadol; 60 meg of ciramadol; 10 
mg of morphine; or placebo. The study medications 
were provided in individual patient packages con- 
taining identical-appearing 2-ml ampules. Drugs were 
administered by intramuscular injection every 3 hr, 
as needed, for 48 hr. No more than six doses were 
given during a 24-hr period. The injection site was 
alternated between right and left deltoid muscles. 


Drug Assessments 


Efficacy assessments were made by the physician or 
nurse observer, using standard analgesia scales, im- 
mediately before, at 15 and 30 min, and at 1, 2, 3, 4, 
5, and 6 hr after administration of the first dose of 
study medication. Categorical ratings of none [0], mild 
[1], moderate [2], or severe [3] were used to describe 
pain intensity. In addition, the patients rated pain 
intensity using a linear analog scale by placing a mark 
on a 100-mm line; pain was evaluated relative to the 
opposite extremes of the line, which represented “no 
pain” and “worst pain ever felt.” Pain relief was judged 
as one of the following: pain got worse [ — 1], no relief 
[0], a little relief [1], moderate relief [2], a lot of relief 
[3], or complete relief [4]. 

Pain intensity differences (PID) and pain analog 
intensity difference (PAID) scores were derived by 
subtracting the pain intensity ratings at each obser- 
vation from the corresponding baseline ratings. Cu- 
mulative PID and PAID scores were calculated by 
multiplying the scores at each evaluation by the frac- 
tion of an hour since the last observation and then 
adding these weighted scores to obtain the summed 
pain intensity differences (SPID) and summed pain 
analog pain intensity differences (SPAID). Similarly, 
total pain relief (TOTPAR) scores were obtained by 
adding the weighted pain relief scores at each 
observation. 

During the initial dose evaluation, patients not re- 
ceiving adequate pain relief and requesting additional 
medication for pain were given a second dose of the 
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study medication, provided they did not ask to with- 
draw from the study. Patients who required addi- 
tional analgesic medication before the end of the 6- 
hr period were considered treatment failures and were 
assigned efficacy scores corresponding to their base- 
line pain intensity and to no pain relief after remed- 
ication according to the method advocated by Lasagna 
(15) and Houde et al. (16). 

At each observation, the degree of sedation (i.e., 
none, mild, moderate, or marked) and vital signs were 
recorded by the observer. All adverse experiences were 
recorded as they emerged and were rated by the in- 
vestigator as definitely, probably, possibly, or not re- 
lated to the drug treatments. Laboratory tests includ- 
ing hematologic studies, blood chemistry, and standard 
urinalysis were done before the start of the study and 
: repeated within 24 hr after the patient either com- 
pleted or withdrew from the study. The injection sites 
were examined for reaction at 30 min and 24 hr after 
injection. 

As each patient completed treatment, he or she was 
asked to rate the overall drug experience as excellent 
[4], good [3], fair [2], or poor [1]. The investigator also 
rated each patient’s overall response to treatment as 
satisfactory or unsatisfactory based on the onset and 
duration of analgesia and the side effect profile. 


Statistical Analysis 


Demographic variables and baseline ratings of a con- 
tinuous nature were compared using a one-way anal- 
ysis of variance supplemented by the Stu- 
dent-Newman—Keuls test for pairwise comparisons 
(17). Nominal variables and categorized baseline scores 
were compared by the y? and Fisher’s exact tests (18). 
Categorized efficacy and posttreatment sedation scores 
were analyzed by the generalized Coch- 
ran—Mantel—Haenszel procedure using marginal ridit 
scores with baseline pain intensity as a covariable 
(19,20). The PAID scores, vital signs, and laboratory 
results were compared among the groups by a one- 
way analysis of covariance with the baseline level as 
the covariate; vital signs and laboratory determina- 
tions were examined for changes within groups from 
baseline by the paired t-test. The frequencies of ad- 
verse experiences were compared among treatment 
groups by the x” test, supplemented by Fisher's exact 
test for pairwise comparisons. 

All statistical tests were based on two-tailed alter- 
native hypotheses, and an observed difference was 
declared to be statistically significant if the test result 
indicated that the probability of obtaining a difference 
of this magnitude or larger due to chance (i.e., under 
the null hypothesis) was 0.05 or less. 
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Results 


There were 40 patients in each of the four drug treat- 
ment groups; however, one patient from each of the 
two ciramadol groups and one from the morphine 
group had received meperidine less than 3 hr before 
the study medication and were excluded from the 
efficacy analysis. One patient in the 60 mg ciramadol 
group who was heavily sedated when the test med- 
ication was administered was excluded also. All pa- 
tients were included in the safety evaluation. |... 

Most of the patients were women (81%) and the 
majority of the patients were white (88%). The mean 
age was 33 yr (range 18-65 yr) and mean weight was 
64.6 kg (range 44-90 kg). Nearly equal numbers of 
patients reported initial (baseline) pain intensity as 
moderate (n = 78) or severe (n = 82), and most pa- 
tients (93%) reported either mild or no sedation at 
baseline. No statistically significant differences in de- 
mographic or baseline data were found among the 
groups. 

Because of the lack of independence among ob- 
servations, aggregative effect of multiple doses, and 
discontinuations of patients with unsatisfactory re- 
sponses, formal assessment of analgesia was made 
only during the 6 hr after the initial dose of study 
medication. 

Table 1 presents the méan PID and PAID scores 
obtained during the initial dose evaluation. Through- 
out this 6-hr period, mean scores on the three primary 
efficacy scales (PID, PAID, and pain relief) were higher 
in the active treatment groups than in the placebo 
group. On all three scales, the highest mean'scores, 
which indicate greater analgesia, were seen in the 60 
mg ciramadol group and the 10 mg morphine group; 
at 2 hr and beyond, mean scores were higher with 60 
mg, of ciramadol than with morphine. Generally, mean 
scores with 30 mg of ciramadol were slightly lower 
than those with 10 mg of morphine, although the 
former were consistently higher than those obtained 
with placebo. | 

At the 1-hr observation, the mean efficacy scores 
peaked at similar levels for the 60 mg ciramadol and 
10 mg morphine groups. For the 30 mg ciramadol 
group, the mean scores generally were below those 
obtained with 60 mg of ciramadol and 10 mg of mor- 
phine and reached their peak levels between 30 min 
and 2 hr. The mean scores in the placebo group peaked 
at much lower levels at 30 min. 

PID and PAID scores in the 60 mg ciramadol group 
were significantly higher than those in the placebo 
group at nearly every observation throughout the 6 
hr. In the 30 mg ciramadol and morphine groups these 
scores were significantly higher thart in the placebo 
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Table 1. Differences in Pain Intensity From Baselme 
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Time after Ciramadal Ciramado! Morphine 
therapy (30 mg) (60 mg) (10 mg) Placebo 
Mean PID Scores’ 
15 min 0:7" 0.6" 0.6" 0.2 
30 min 0.9” 1.3" LF 0.4 
l hr 0.9? 1.6° ee 0.3 
2 hr ro 1.4" LI 0.2 
3 hr 0.8" |e 0.8" 0.2 
4 hr CS 0.8” Q.5° 0.1 
5 hr 0.3 0.6" 0.4 0.2 
6 hr 0.3 0.4 0.3 0.4 
Mean PAID Scores? 

15 min 18.6" 19.3" 21 Teo 
30 min 2ra 34.4" 32T 13.6 
1 hr 24.4" Any 42.8 9.6 
2 hr 26.0" 36,7" 32.3° 7.8 
3 hr 19.8° 27.6” 24.9" 4.2 
4 hr 15.5" 18.4" S 2.6 
Shr 8.0 13.9 1255 4.3 
6 hr 8.0 Pee 8.3 1] 


“Higher scores indicate greater pain relief. 
*Significantly (P < 0,05) higher than placebo. 
“Significantly {P < 0.05) higher than 30 mg of ciramadol. 


group from 15 min through 4 hr. Occasionally, PID 
and PAID scores in the 60 mg ciramadol and the mor- 
phine groups were significantly above those in the 30 
mg ciramadol group. The pain relief scale yielded sim- 
ilar results; pain relief scores in the 30 and 60 mg 
ciramadol groups and the morphine group were sig- 

nificantly higher than scores in the placebe group 
from 15 min through 4 hr after drug administration. 

As shown in Figure 2, the cumulative efficacy scores 
(SPID, SPAID, and TOTPAR) at 6 hr were consistently 
highest with 60 mg of ciramadol, followed by 10 mg 
of morphine, 30 mg of ciramadol, and then the pla- 
cebo. The scores on these three measuremenis of an- 
algesia were significantly higher in the 60 mg cira- 
madol and 10 mg morphine groups than in the placebo 
group. In addition, the 6-hr SPAID scores with 60 mg 
of ciramadol were significantly better than these with 
30 mg. 

Effective pain relief, i.e., a pain relief score of mod- 
erate or greater, was reported at some time during 
the initial dose period by 76% of the patients treated 
with 60 mg of ciramadol, 72% of those treated with 
30 mg of ciramadol, 82% of those treated with 10 mg 
of morphine, and 35% of the placebo-treated patients. 
Figure 3 compares the percentages of patients re- 
porting effective pain relief at each observation for the 
four treatment groups. By the first evaluation (15 min) 
and for the duration of the 6-hr observation period, 
greater percentages of patients reported effective pain 
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relief with the three active treatments than with pla- 
cebo. The differences between active treatments and 
placebo were statistically significant from 15 min 
through 4 hr and at 6 hr in the 60 mg ciramadol and 
morphine groups and at 15 min through 4 hr in the 
30 mg ciramadol group. With the exception of the 
l-hr observation period, the reports of effective pain 
relief were consistently highest in the 60 mg ciramadol 
group; however, the differences between 60 mg of 
ciramadol and the other two active therapies were not 
statistically significant. 

By 6 hr after the initial dose, a second dose of study 
medication or a standard analgesic medication had 
been requested by 55% of the patients in the 60 mg 
ciramadol group, 56% of the patients in the 30 mg 
ciramadol group, 49% of the patients in the morphine 
group, and 90% of those in the placebo group (Table 
2). The cumulative remedication rates at the end of 
the initial dose observation period were significantly 
lower in the active therapy groups than in the placebo 
group. For the entire study period (maximum of 48 
hr), the percentages of patients who withdrew from 
the study because of unsatisfactory pain relief were 
38% in the 30 mg ciramadol group, 23% in the 60 mg 
ciramadol group, 13% in the morphine group, and 
63% in the placebo group. The differences between 
active therapies and placebo in the percentages of 
patients who withdrew because of unsatisfactory pain 
relief were Statistically significant. Also, a significantly 
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MM CRAMADOL 60mg 
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6 HR CUMULATIVE EFFICACY SCORES 





SPID TOTPAR SPAID X 0.1 


Figure 2, Cumulative efficacy scores (SPID, TOTPAR, SPAID x 
0.1) at 6 hr after the initial dose of study medication. Higher scores 


indicate greater pain relief. 


higher percentage in the 30 mg ciramadol group than 
in the morphine group withdrew because of inade- 
quate pain relief. 

The mean number of doses received by patients in 
each of the four treatment groups was 4.6 in the 10 
mg morphine group, 2.9 in the 60 mg ciramadol group, 
and 2.6 in both the 30 mg ciramadol and placebo 
groups. Although receiving fewer doses could in some 
cases be associated with a longer duration of analgesic 
effect, in this study the primary association seemed 
to be with an earlier pattern of withdrawal from the 
study. 

The mean sedation scores at baseline were similar 
in the four treatment groups, with approximately 90% 
of the patients in each group reporting either no se- 
dation or only mild sedation. After administration of 
the initial dose of study medication, the degree of 
sedation increased in each of the four treatment groups. 
In the active treatment groups, however, sedation 
scores increased slightly more than in the placebo 
group, with mean ratings in the range of mild to mod- 
erate. Frequently during the first hour, the degree of 
sedation was significantly higher with the active ther- 
apies than with placebo. 

During the initial dose period and for the entire 
study, nausea and vomiting were the most frequently 
reported adverse experiences. At some time during 
the study, these effects were reported by eight (20%) 
patients in the 30 mg ciramadol group, 10 (25%) in 
the 60 mg ciramadol group, six (15%) in the morphine 
group, and seven (18%) in the placebo group. Ad- 
verse experiences affecting the skin (i.e., irritation at 
the injection site, pruritus, or rash) were reported by 
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PATIENTS WITH AT LEAST MODERATE PAIN RELIEF (2%) 





TIME (HR) 


Figure 3. Percentage of patients reporting at least moderate pain 
relief during the initial dose (6-hr) evaluation. 


six (15%) patients receiving 60 mg of ciramadol, two 
(5%) receiving morphine, and none of the patients 
receiving 30 mg of ciramadol or placebo. The only 
statistically significant difference among the groups 
for the entire study was in the proportions with ad- 
verse experiences broadly categorized as those af- 
fecting the skin; significantly different pairwise dif- 
ferences were seen between the 60 mg ciramadol group 
and both the placebo and the ciramadol 30 mg groups. 

In general, side effects were judged to be either 
mild or moderate; however, two patients reported 
severe adverse experiences. One patient in the 30 mg 
ciramadol group had severe nausea after the sixth 
injection of medication and was withdrawn from the 
study. One patient receiving placebo had severe hic- 
cups (along with moderate nausea) and was with- 
drawn from the study. 

During the initial dose period, statistically signifi- 
cant mean decreases in vital signs (3 to 9 mm Hg in 
systolic blood pressure, 2 to 4 mm Hg in diastolic 
blood pressure, 2 to 3 heartbeats/min, 1 to 3 
breaths/min) were noted within active therapy groups. 
Differences among groups, however, were rarely sta- 
tistically significant, and none of these changes were 
considered to be clinically significant. 

In the observer's clinical evaluation, the test med- 
ication was rated as satisfactory for 62% of the patients 
in the 30 mg ciramadol group, 66% of the patients in 
the 60 mg ciramadol group, 85% of the patients in the 
morphine group, and 28% of the patients in the pla- 
cebo group. Overall, ratings of good or excellent were 
given by 62% of the patients treated with 30 mg of 
ciramadol, 71% of the patients treated with 60 mg of 
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Table 2. Summary of Cumulative Remedication Rates—Initial Dose Period 
ce ttt 
Ciramadol Ciramadol Morphine 
Time after Placebo (30 mg) (60 mg) (10 mg) 
therapy (m = 40) (n = 39) G1 = 38) (= 39) 
SU n age e maaa ea E a Se a aa 
15 min 0.0% 0.0% 0.0%. 0.0% 
30 min 27.5% 12.8% 7 9% 5.1% 
1 hr 55.0% 23.1% 13.2% 10.3% 
2 hr 62.5% 28.2% 21.1% 15.4% 
3 hr 75.0% 35.9% 26.3% 23.1% 
4 hr 77.5% 48.7% 31.6% 43.6% 
5 hr 87.5% 53.8% 47.4% 46.2% 
6 hr 90.0% 56.4% 55.3% 48.7 % 





ciramadol, 85% of the patients treated with morphine, 
and 26% of the placebo treated patients. Overall ratings 
by both the physician and patients were significantly 
better for the three active therapies than for the pla- 
cebo. In addition, patient ratings were significantly 
higher in the morphine group than in either of the 
ciramadol groups. 


Discussion 


In this study, 30- and 60-mg doses of intramuseularly 
administered ciramadol and 10 mg of morphine were 
significantly more effective than placebo for the treat- 
ment of moderate to severe postoperative pain. In 
addition, 60 mg of ciramadol was ge eas to 10 mg 
of morphine for onset, duration, and level of peak 
effectiveness of analgesia. Although patient overall 
ratings of therapy were more favorable for morphine 
than for either 30 or 60 mg of ciramadol, the mean 
cumulative measures of pain relief and pain intensity 
differences from baseline at the end of the initial 
6-hr evaluation were highest in the 60 mg ciramadol 
group. 

It is important that no dysphoria or hallucinations 
were noted in any patients in this study. Nausea, 
occasionally associated with retching and vomiting, 
was the most frequently reported adverse experience 
in each of the four treatment groups, and in many 
cases it had occurred intermittently in the early post- 
operative period before study drug administration. 
Adverse experiences affecting the skin, which in- 
cluded mild burning after injection in a few cases or 
an occasional complaint of itching or rash, disap- 
peared either spontaneously after several hours or 
after antihistamine therapy. The mild sedation asso- 
ciated with the active treatments was not considered 
to be a clinical disadvantage because many patients 
prefer sedation with analgesia during the first 24-48 
hr after major surgery. The slight depression of res- 





piratory rate, pulse, and blood pressure also was con- 
sidered to be not clinically significant. 

The efficacy results from the initial dose evaluation 
period in the present study are not consistent with 
the findings of an earlier investigation that evaluated 
single doses of these four drugs under a similar pro- 
tocol (14). Based on their earlier findings, those au- 
thors conclude that ciramadol, at 30- or 60-mg doses, 
was ineffective as an analgesic in comparison with 10 
mg of morphine. They suggest that narcotic antago- 
nist effects may have contributed to the lack of a sig- 
nificant overall analgesic response in the groups re- 
ceiving ciramadol and refer in particular to the 
experiences of some of their patients who had re- 
ceived ciramadol within 3-7 hr after a narcotic. In- 
terestingly, these investigators point out that early 
analgesic trials with nalbuphine and butorphanol in 
postoperative pain were conducted in patients who 
were not given other narcotics during the perioper- 
ative period. 

In contrast the results of the present study show 
dose-related analgesia with ciramadol in postopera- 
tive patients, all of whom had received narcotic an- 
algesics either intraoperatively or postoperatively be- 
fore receiving the study medication. The median time 
between the last dose of a narcotic analgesic and the 
administration of the test medication was similar in 
the four treatment groups, varying between 5.25 and 
6 hr. It is possible that the amount of narcotic med- 
ication given prior to administration of the study drugs 
may have contributed to the disparity between the 
results of this and the earlier report. For example, the 
majority of patients in the present study were given 
the study drug on the day of surgery after receiving 
only one or two doses of a narcotic analgesic and all 
patients were essentially pain free preoperatively. In 
the earlier investigation, study medication was not 
administered until the first or second postoperative 
day. 

However, based on the present findings, we con- 
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ae that intramuscularly administered ciramadol is 
n effective analgesic and that 60 mg of ciramadol 
pene favorably with 10 mg of morphine as an 
analgesic for the treatment of patients with moderate 
to severe postoperative pain. Further clinical inves- 
tigation of ciramadol appears to be warranted. 


The author wishes to acknowledge G. S. Littman, PhD, for the 


statistical analyses. 
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Continuous Monitoring of Arterial Oxygen Saturation with Pulse 


Oximetry during Transfer to the Recovery Room 


I.L. Tyler, MD, PhD, Boonrak Tantisira, MD, Peter M. Winter, MD, and 


Etsuro K. Motoyama, MD 


TYLER IL, TANTISIRA B, WINTER PM, 

MOTOYAMA EK. Continuous monitoring of arterial 
oxygen saturation with pulse oximetry during transfer to 
the recovery room. Anesth Analg 1985;64:1108-12. 


The incidence of hypoxemia in the immediate posteperative 
period was determined using a pulse oximeter for coatinuous 
monitoring of arterial oxygen saturation (Sa0,) in 95 ASA 
class I or II adult patients breathing room air during their 
transfer from the operating room to the recovery reom, Hy- 
poxemia was defined as 90% Sao, (arterial oxygen partial 
pressure (PaO) = 58 mm Hg). Severe hypoxemia was de- 
fined as 85% Sao, (Pao, = 50 mm Hg). Hypoxemia oc- 


It has long been accepted that air is an inappropriate 
breathing mixture for anesthetized patients (1,2). The 
20.9% oxygen in ambient air is insufficient to provide 
a margin of safety against hypoxia, because lung func- 
tion almost always deteriorates during the course of 
surgery and anesthesia. This deterioration may be 
due to decreased functional residual capacity (FRC) 
and increased airway closure, a ventilation/perfusion 
imbalance, or the development of atelectasis (3). Fur- 
ther, CO, retention caused by hypoventilation can in 
turn cause hypoxia by displacing oxygen frem the 
alveoli, but this is important only when inspired air 
is not oxygen-enriched. Although moderate, transient 
decreases in the arterial oxygen partial pressure (Pao>) 
may be acceptable in young, healthy patients, they 
certainly are not acceptable in patients with ischemic 
vascular disease. 

In light of these concerns, it has been our long- 
standing practice to administer no less than 30% ox- 
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curred in 33 (35%) patients; severe hypoxemia occurred in 
11 (12%). Postoperative hypoxemia did not correlate sig- 
nificantly with anesthetic agent, age, duration of anesthesia, 
or level of consciousness. There was a statistically significant 
correlation (P < 0.05) between hypoxemia and obesity. All 
three patients with a history of mild asthma became severely 
hypoxemic even though none had perioperative evidence of 
obstructive disease, also a statistically significant (P < 0.003) 
finding. 


Key Words: HYPOXIA—postoperative. OXYGEN— 
postoperative blood levels. 


ygen to patients under general anesthesia and to pro- 
vide supplemental oxygen to all patients in the re- 
covery room. However, healthy patients are frequently 
allowed to breathe room air during transfer from the 
operating room (OR) to the postanesthesia recovery 
room (PAR). This is at a time when ventilation is likely 
to be depressed from residual inhalation anesthetics 
or narcotics and when muscle relaxants have only 
recently been antagonized. Furthermore it is known 
that equilibration of PaO. with inspired gas mixtures 
takes about 30 sec even in normal volunteers (4), 
whereas patient transfer can take several minutes. 
Thus preoxygenation, even of a patient with an ac- 
ceptable minute ventilation, does not guarantee nor- 
moxia during his or her transfer while breathing room 
air if there is an excessive aveolar—arterial oxygen 
pressure gradient (A—aDo,). 

There is a surprising lack of data on patient oxy- 
genation during postoperative transfer, explainable in 
part by the difficulty of measuring blood gases under 
such conditions. Recently, a rapid-response, battery- 
operable pulse oximeter (Nellcor Pulse Oximeter Model 
N-100, Hayward, CA 94545) became commercially 
available. We used this instrument to monitor arterial 
oxygen saturation (Sa02) continuously in patients 
during their transfer from the OR to the PAR and 
determined the incidence and predictors of hypoxemia. 


POSTOPERATIVE OXYGEN SATURATION 
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Table 1. Incidence of Hypoxemia during Transfer in Relation to Primary Anesthetic Agent 


Primary Number of Number with 
agent’ patients hypoxemia 
Isoflurane 51 20 
Enflurane 1 7 
Fentany! 5 1 
Halothane 3 0 
Morphine ) 2 
Sufentanil 11 3 
Total 95 33 


Number with % with 
% with severe severe 
hypoxemia hypoxemia hypoxemia 
39 4 7.8 
37 4 21.1 
20 1 20.0 
0 0 0 
33 1 16.7 
27 1 9.1 
35 il 12 


No statistically significant difference in the incidence of hypoxemia among the various agents was noted using the exact probability test. 


"All anesthetics also included nitrous oxide. 


Methods 


The study was approved by the Human Experimen- 
tation Committee of Magee-Women’s Hospital. Over 
a 5-week period, we studied a sample of ASA class I 
and I adult patients who were scheduled for elective 
surgery under general anesthesia and who, in the 
opinion of the attending anesthesiologist, did not need 
supplemental oxygen during postoperative transfer. 
Obesity did not exclude a patient from the study. 
Patients who were hypothermic or shivering at the 
end of surgery were excluded. Because we were in- 
terested in the incidence of hypoxemia under routine 
conditions, we did not control the choice of anesthetic 
technique. 

Immediately before being moved from the OR table 
to the stretcher for transfer to the PAR, each patient 
was given 100% oxygen; those with intubated tra- 
cheas were “sighed” to an airway pressure of 50 cm 
HO for 5 sec. Patients continued to breathe 100% 
oxygen until the attending anesthesiologist was sat- 
isfied that the patient was ready for transfer. All pa- 
tients spontaneously breathed 100% oxygen for at least 
5 min after anesthetic agents had been discontinued 
and before the start of transfer. During this 5-min 
period, the probe of a pulse oximeter was clipped to 
the patient’s thumb or finger. The supplemental ox- 
ygen was removed, the patient’s level of conscious- 
ness was scored (0, unresponsive; 1, arousable; 2, 
awake), and transfer began. The time between the 
start of spontaneous breathing of room air and the 
lowest Sao or 85% Sao, (Pad, = 50 mm Hg, using 
Nunn‘s nomogram and assuming normal acid-base 
balance and normal oxygen—hemoglobin affinity), 
whichever came first, was measured by the investi- 
gator with a stopwatch. If Sao, decreased to 85%, 
100% oxygen was supplied via bag and valve. On 
arrival in the PAR, all patients were given 40% oxygen 
by mask or T-piece. 

Unless stated otherwise, Student’s t-test was used 


in the statistical analysis of continuous variables and 
the y?-test was used for discrete variables. Data are 
reported as mean + SD. P values < 0.05 were con- 
sidered statistically significant. 


Results 


All but two of the 95 patients studied were female. 
They had a mean age of 41 yr, with a range of 21-76. 
Body weights ranged from 0.9-2.64 times the David- 
son standard (5) of ideal weight for height (men, ideal 
weight (ib) = 106 + ({height (in) — 60] x 6); women, 
ideal weight (Ib) = 100 + ({height (in) — 60] x 5)). 
The mean duration of anesthesia was 108 + 70 min, 
with a range of 15-310 min. All the common inha- 
lation agents, as well as morphine and sufentanil, 
were represented in our sample (Table 1). The surgical 
procedures were primarily gynecologic or lower ab- 
dominal; none involved the thorax. Patients were un- 
der the care of any one of seven anesthesiologists. 
The data are summarized in Tables 1-4. In all pa- 
tients Sao, was 97% or higher during the period of 
spontaneous respiration of 100% oxygen before trans- 
fer. The incidence of hypoxemia during transfer, which 
we defined as an Sao, of 90% (Pao, = 58 mm Hg) or 
less, was 35%. The incidence of severe hypoxemia, 
which we defined as an Sao, of 85% (PaO. = 50 mm 
Hg), was 12%. One hypoxemic patient and one se- 
verely hypoxemic patient were coughing, but the re- 
mainder had no respiratory irregularity. The time from 
discontinuation of 100% oxygen to 85% Sao, was highly 
variable, with a mean of 155 + 74 sec. When 100% 
oxygen was given during transfer to patients who 
became severely hypoxemic, Sao, rapidly rose to above 
90%. In patients who did not become hypoxemic, the 
mean low value was 94.9% + 2.3% (PaO, = 73 mm 
Hg). The low values occurred in a mean of 196 + 67 
sec. There was no statistically significant difference 
in the incidence of hypoxemia as a‘function of an- 
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Table 2. Variables for Patients Who Became Severely Hypoxemic during Transfer 


TYLER ET AL. 


Patient Age Fraction of Smoking Primary Time to 85% Anesthesia Level of 
number (yr) ideal weight (packs/day: agent Sao; (sec) time (min) consciousness” 
1 37 1.64 isoflurane 160 30 l 
2 4] 0.98 enflurane 210 40 Q 
3 24 1.57 0.5 enflurane 205 125 2 
4 40 1.41 isoflurane i83 185 0 
sd 35 1.40 enflurane 30 35 ] 
6 38 1.75 1.5 isoflurane 56 120 j 
7 56 2.26 enflurane 103 205 Q) 
8“ 4l 1.30 morphine 290 310 l 
gr 34 1.63 sufentanil 150 195 ] 
10 56 1.29 fentany] 125 110 l 
He 24 L32 1.5 isoflurane 195 90 2 


“0, unresponsive; 1, arousable; 2, awake. 


Patient 5 began coughing just before the hypoxemic episode. None of the other patients had any respiratory irregularity during transfer. 
‘Patients 8, 9, and 11 had a history of mild asthma without bospitalization. None had experienced an asthma attack within the past six months. None 


had signs or symptoms of asthma or obstructive disease periopesatively. 


Table 3. Variables for Hypoxemic and Nonhypoxemic Patients” 


Prt tet te tt meae tetanic steiner irene rhea mea tina em Ar Are Re PARA 


Minimum Time to 
oxygen minimum 
Number of Age Fracton of Anesthesia saturation saturation Level of 
patients (yr) ideal weight time (min) (%J (sec) consciousness’ 
Severely li 39 + 10 1.50 = 0.30 IS #86 85 155 «+ 74 0.91 + 0.70 
hypoxemic 
Hypoxemic 33 43 4 14 1.522 0.38 lee 72 85 ais 0.93 + 0.69 
Nonhypoxemic 62 40 + 15 1.16 = 0.21] 110 + 74 94.9 + 2.3 196 + 67 0.79 + 0.71 


C_| 


“Mean t sD. 
"Average + sp of Q, unresponsive; 1, arousable; 2, awake. 


‘Patients whose oxygen saturation reached 85% were immediately given oxygen to avoid more profound hypoxemia. Times recorded were those at which 


saturation reached 85%. 


esthetic agent (by exact probability test), patient age, 
duration of anesthesia, history of smoking, er level 
of consciousness. The mean fraction of ideal weight— 
1.52 + 0.38 for hypoxemic patients; 1.16 + 0.21 for 
nonhypoxemic—was a significant (P < 0.05) predictor 
of hypoxemia. In patients in whom Sao; did nct reach 
85%, there was a significant correlation (P < 0.001) 
between minimum Sao, and body weight (Table 4). 

Three patients had a history of mild asthma. None 
had been hospitalized or received emergency room 
treatment for asthma, nor had they had an asthma 
attack within the past 6 months. None had signs or 
symptoms of asthma or obstructive disease periop- 
eratively. All three became severely hypoxemic (Table 
2, footnote c). This was statistically significant (P < 
0.003) by the exact probability test. 


Discussion 


Postoperative hypoxemia occurs commonly and has 
been documented even after minor procedures under 
general anesthesia (6). Many studies have described 


its evolution over hours to days. Significant correla- 
tions of slowly developing postoperative hypoxemia 
have been shown with duration of anesthesia (7), site 
of surgical incision (8), age (9), obesity (10), and pain 
(11). Nitrous oxide diffusion hypoxia was studied ex- 
tensively a decade or more ago. Sheffer et al. (12), for 
example, measured blood—gas tensions at 30-sec in- 
tervals after the discontinuation of nitrous oxide and 
the substitution of room air. During the first 2.5 min, 
PaO, decreased rapidly to a mean of 54.3 + 11.2 mm 
Hg, after which it rapidly recovered. But there have 
been few investigations of hypoxemia during the first 
few postoperative minutes—that is, immediately after 
nitrous oxide has presumably been washed out. Vir- 
tue et al. (13) measured blood—gas tensions in samples 
drawn at 5-min intervals postoperatively. Despite the 
fact that these observations were made in Denver, at 
an altitude of roughly 5000 ft, they found only a 19% 
incidence of hypoxemia. We know of no study in 
which continuous measurements of Sao, were made 
to assess oxygenation during transfer from the OR to 
the PAR. 


POSTOPERATIVE OXYGEN SATURATION 


Table 4. Correlation Between Minimum Saturation and 
Other Variables for Patients in whom Sao, Did Not 
Decrease Below 85% 











Fraction of Anesthesia 
ideal weight Age time 
Minimum 0.448" ~ 0.159? ~- 0,159” 
iP < 0.001. 
*P > 0.05. 


Our study was made feasible by the recent com- 
mercial availability of a noninvasive, portable, bat- 
tery-operable pulse oximeter. This instrument deter- 
mines absolute arterial oxygen saturation by taking 
the ratio of only the pulsatile (thus arterial) compo- 
nent of the transmittance of two wavelengths of light. 
One wavelength is strongly absorbed by oxygenated 
and the other by reduced hemoglobin. The oximeter 
updates the av eraged SaO, reading every 5 sec. The 
accuracy and limitations of this oximeter have been 
documented previously (14), along with cautions nec- 
essary to avoid erroneous readings. We adhered to 
these. In addition, we used a heavy, multiple-use 
probe, which effectively filtered out the vibrations 
caused by bed movement; these vibrations otherwise 
could have been interpreted by the oximeter as arterial 
pulsations. 

Our intention in this study was to determine the 
incidence of hypoxemia during postanesthetic man- 
agement as routinely practiced. Thus one of our ob- 
jectives was to introduce as little perturbation as pos- 
sible. This precluded our assessing preoperative Sao; 
and total volume of oxygen inspired after discontin- 
uation of nitrous oxide; although these variables are 
very relevant to the likelihood of postoperative hy- 
poxemia, they are not commonly measured in our 
hospital. 

Arterial oxygen saturation of 90% (Pao, = 58 mm 
Hg) has often been chosen to define hypoxemia (15,16), 
perhaps because the first objective signs of hypoxemia 
will usually have appeared at this saturation (17). But 
we believe that to some anesthesiologists, a Pao, of 
58 mm Hg would be acceptable in healthy patients if 
it were to last only a minute or two. We, therefore, 
studied more profound hypoxemia as well. Our choice 
of 85% Sao, (Pao, = 50 mm Hg) to define severe 
hypoxemia was somewhat arbitrary. Previous inves- 
tigators (14) have safely induced 70% Sao, (Pao, = 
37 mm Hg) in healthy, conscious nonsmokers for ap- 
proximately 20 min without ill effects. However, an 
extrapolated PaO; of 50 mm Hg in an unscreened 
patient population would be low enough to cause 
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most anesthesiologists to intervene immediately. None 
of our severely hypoxemic patients developed post- 
operative complications related to hypoxemia. 

There was a significant incidence of o 
during postoperative transfer in our sample popula- 
tion. This population excluded patients with compro- 
mised pulmonary or cardiovascular function. There- 
fore, with the possible exception of the obese, our 
patients were those in whom hypoxemia would not 
be expected to occur. Of the variables considered— 
body weight, age, medical history, history of smok- 
ing, anesthesia duration, level of consciousness, and 
anesthetic agent—only significant obesity and a his- 
tory of asthma could be shown to predict the devel- 
opment of postoperative hypoxemia. In patients whose 
Sac» did not fall below 85% the correlation between 
minimum SaO, and weight was highly significant sta- 
tistically, but the correlation coefficient of 0.448 sug- 
gests that only 20% of the decrease in Sao, can be 
attributed to obesity. Thus the absence of obesity (or 
of a history of asthma) does not assure that a patient 
will not develop hypoxemia during postoperative 
transfer from the OR to the PAR. 

There are several possible causes of postoperative 
hypoxemia. The dilution of alveolar gases by the ef- 
flux of N20 at the termination of anesthesia may play 
a role. This has led to the recommendation that pa- 
tients be allowed to breathe 100% oxygen for at least 
5 min after the discontinuation of N-O (16). But even 
after this has been done, a patient's alveolar—arterial 
oxygen tension gradient (A~aDO2) may be abnormal. 
Microatelectasis resulting in a ventilation/perfusion 
imbalance (6) or in a true shunt (18) is one source of 
this abnormal gradient. The effects of microatelectasis 
are exacerbated by any diminution of pulmonary hy- 
poxic vasoconstriction by residual anesthetic gases. 
However, we found no statistically significant differ- 
ence in postoperative hypoxemia between intrave- 
nous and inhalational agents. We did find a correla- 
tion between obesity and hypoxemia; obesity is known 
to increase the likelihood of the development of ate- 
lectasis (19). 

A second possible source of abnormal A—aDo, is 
the decrease during surgery of FRC below closing 
capacity (CC) (20), resulting in increased ventila- 
tion/perfusion imbalance. Because CC increases with 
age, one might expect a relation between age and 
incidence of postoperative hypoxemia, but we did not 
find one, Patients with symptomatic obstructive air- 
way disease also have elevated CC (21), and the in- 
cidence of postoperative pulmonary complications in 
these patients has been reported to be high (22). It 
was remarkable, however, that in our sample, asymp- 
tomatic patients with a history of very mild asthma 
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should distinguish themselves in this way from the 
general postoperative population. This findimg sup- 
ports the opinion of Levison et al. (23) that asthma is 
never completely cured, even in patients who have 
been asymptomatic for some time. 

Although Sao; in all our patients was 97% or higher 
during the period of spontaneous respiration ef 100% 
oxygen just prior to transfer, 11 patients became se- 
verely hypoxemic during transfer. In nine of these, 
SaO; quickly rose to and remained above 90% when 
supplemental oxygen was provided. In the other two, 
respiration was momentarily assisted, after which their 
5aO2 also remained above 90%. Because all 11 patients 
began transfer with Sao, 97% or higher and all re- 
turned to normoxia without more than momentary 
supplied, it is reasonable to suppose that the auto- 
matic provision of supplemental oxygen throughout 
transfer would have prevented hypoxemia in all our 
patients. 

In summary, we determined the incidence of post- 
Operative hypoxemia during transfer to the recovery 
room in 95 healthy patients. A surprisingly high per- 
centage of these patients did in fact become hypox- 
emic. It would be logical to assume, but we have not 
shown, that more severe hypoxemia would be found 
in patients undergoing more extensive surgery and 
in those with preexisting pulmonary disease. Because 
our data suggest that no single factor can explain post- 
operative hypoxemia, and because supplemental ox- 
ygen is innocuous under most circumstances (24), we 
conclude that the conservative and safe course is to 
provide supplemental oxygen during postoperative 
transfer as well as in the PAR to all patients who have 
had a general anesthetic. 
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Intracranial Pressure after Atracurium in Neurosurgical Patients 


Michael D. Minton, MD, Joseph A. Stirt, MD, Robert F. Bedford, MD, and 


Charles Haworth, MD 


MINTON MD, STIRT JA, BEDFORD RF, HAWORTH C. 
Intracranial pressure after atracurium in neurosurgical 
patients. Anesth Analg 1985;64:1113—6. 


In order to investigate the usefulness of atracurium for neu- 
rosurgical anesthesia, we studied its impact on intracranial 
pressure (subarachnoid bolt) mean artertal pressure (radial 
artery catheter) and cerebral perfusion pressure (mean ar- 
terial pressure-intracranial pressure) in 20 patients 
undergoing elective craniotomy for brain tumor excision. 
General anesthesia was induced with thiopental, 4 mg/ke 
intravenously, and maintained with 70 percent nitrous ox- 
ide in oxygen. Ventilation was controlled by face mask, with 
end-tidal CO; held constant. Once intracranial pressure and 
mean arterial pressure had stabilized, the response to atra- 


curium, 0.5 mg/kg intravenously, was continuously re- 
corded for 5 min in 10 patients. An additional 10 patients 
received no atracurium and served as matched controls. 
Thicpental caused reductions in ICP in both groups of pa- 


atracurium with those who did not, we found that atra- 
curium had no significant effect on intracranial pressure, 
mean arterial pressure or cerebral perfusion pressure. Based 
on these data we conclude that atracurium appears to be 
preferable to the other available neuromuscular blocking agents 
that have been evaluated for neurosurgical anesthesia. 


Key Words: ANESTHESIA—neurosurgical. NEU- 
ROMUSCULAR RELAXANTS-—~atracurium. BRAIN— 
intracranial pressure. 





The safe use of muscle relaxants in neurosurgical pa- 
tients with reduced intracranial compliance requires 
that these agents have minimal impact on both hemo- 
dynamics and intracranial pressure (ICP). The car- 
diovascular stability associated with atracurium (1) 
suggests potential for use in neurosurgical anesthesia, 
although its effects on ICP have not been examined 
to date. For this reason we undertook an investigation 
of the effects of atracurium on ICP in patients with 
brain tumors. 


Methods 


The study protocol was approved by the institution’s 
Human Investigation Committee, and informed con- 
sent was obtained. The subjects were ten consecutive 
unpremedicated patients scheduled for elective cra- 
niotomy and tumor resection. Patients ranged in age 
from 27 to 70 yr and were free of significant concurrent 
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cardiopulmonary disease. Preoperative computerized 
tomograms had revealed supratentorial tumors greater 
than 3 cm diameter in all patients. Seven patients had 
significant cerebral edema, and eight exhibited a shift 
of midline structures (Table 1). 

An additional ten consecutive patients scheduled 
for elective craniotomy and tumor resection formed 
a control group not receiving atracurium. These pa- 
tients ranged in age from 35 to 67 yr, and almost all 
had significant cerebral edema and a shift of midline 
structures (Table 2). A majority of patients in both 
groups received preoperative anticonvulsants and 
steroids. 

A subarachnoid pressure screw, 20-gauge radial 
arterial catheter, and peripheral venous cannulae were 
placed with the patients under local anesthesia. All 
pressures were continuously transduced (Bentley 
Model 800 transducer) and recorded (Gould Model 
440 polygraph) with the zero reference point at the 
external auditory meatus. Patency and function of the 
subarachnoid screw were assessed by observation of 
the respiratory and cardiac oscillations in the intra- 
cranial pressure waveform. After a stable period of 
arterial and intracranial pressures was observed, the 
intracranial volume—pressure relationship (VPR) was 
measured by injection of 1 ml of sterile saline through 
the pressure screw. With patients in the supine 15° 
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Table 1. Age, CT Characteristics, and Intracranial Compliance in 10 Patients Subsequently Receiving Atracurium 0.5 


mg/kg IV 
eg Ra a le 


Patient number Age (yr) Tumor diameter (¢m) Cerebral edema” Midline shift (mm) AICP/ml (mm Hg) 
1 69 3 2 5 1 
2 46 z 0 0 0 
2 52 5.5 l 15 1 
4 57 6 I 10 3 
5 0 5 2 5 0 
6 62 3 0 0 0 
7 67 4 3 5 3 
8 27 4.5 2 5 5 
9 54 2 2 0 5 

10 62 6 2 17 4 


“0, no edema; 3, edema throughout ipsilateral hemisphere. 


Table 2. Age, CT Characteristics, and Intracranial Compliance in 10 Control Patients 


nerve tenner 
mt tener r UUU 


Tumor Midline 

Patient diameter Cerebral shift AICP/ml 
number Age (yr) (cm) edema” (mm) (mm Hg) 

i 54 2 3 5 5 

2 67 4 2 0 4 

3 57 3 3 12 5 

4 65 3 2 12 6 

5 35 6 2 15 4 

6 67 5 3 10 3 

7 59 3 2 5 2 

8 56 5 2 5 8 

9 47 7 | 20 4 

10 63 5 2 15 4 


“0, no edema; 3, edema throughout ipsilateral hemisphere. 


head-up position, anesthesia was induced with thio- 
pental, 4 mg/kg intravenously, and maintained with 
70% nitrous oxide in oxygen. Additional increments 
of thiopental were administered if necessary to ob- 
tund lash reflex or allow prompt control of ventilation 
by facemask. Constancy of controlled ventilation was 
monitored with breath-to-breath end-tidal COs mea- 
surement (Hewlett Packard H-P 47210-A Capnome- 
ter) and verified by arterial blood gas determinations 
at 1 and 4 min after induction of anesthesia. 

When ICP and arterial pressures had stabilized after 
induction of anesthesia, atracurium, 0.5 mg/kg intra- 
venously, was given over 5 sec to the first 10 patients, 
and constant controlled ventilation was continued for 
5 min after atracurium injection. In the group of 10 
patients who did not receive atracurium, mask ven- 
tilation with N-O 70% in O; was continued for 5 min 
after stabilization of ICP and arterial pressures after 
thiopental. 

Recorded values for ICP and calculated values for 
mean arterial pressure (MAP = diastolic pressure + 
¥3 pulse pressure) and cerebral perfusion pressure 
(CPP = MAP ~—, ICP) were tabulated every minute 


after induction of anesthesia and were compared us- 
ing one-way analysis of variance with both the awake 
control values and the values measured immediately 
after induction of anesthesia. Arterial CO, tensions 
determined just after induction of anesthesia were 
compared with those obtained 3 min later using Stu- 
dent's t-test for paired data. P < 0.05 was considered 
significant. 


Results 


Radiographic characteristics and results of VPR mea- 
surements are shown in Tables 1 and 2. Eight patients 
receiving atracurium and all patients in the control 
group had evidence to suggest compromised intra- 
cranial compliance by either computed tomography 
scan (effacement of lateral ventricles, 5-mm shift of 
midline structures) or by VPR measurements greater 
than 3 mm Hg/ml. Study results are displayed in Ta- 
bles 3 and 4. Thiopental, 4 mg/kg, caused significant 
reductions in ICP in both groups and a brief but sig- 
nificant decrease in MAP in the control group. There- 
after both MAP and CPP were unchanged statistically 


Table 3. 
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Intracranial Pressure, Mean Arterial Pressure, Cerebral Perfusion Pressure, and Arterial Pco, in 10 Patients 


before and during Thiopental-N.O Anesthesia with Atracurium 





Time (min) after atracurium administration 











Awake After 
control thiopental Q l 2 3 4 5 
ICP {mm Hg) 12.9 + 1.2 10.7 = LE 14.3 + 1.9 15.6 + 1.7 16.0 + 1.8 17.3 &2.2 17.2 + 2.5 18.3 + 3.0 
MAP (mm Hg) 94.8 + 4,2 90.4 + 7.6 90.1 + 7.6 84.3 + 7.4 81.6 + t 72 78.4 = 7.5 82.9 + 8.8 85.8 + 8.3 
CPP (mm Hg) 81.9 + 4.2 79.7 + 6.3 75.6 + 83 68.8 t 79 65.6 + 8.0 6.1 + 8.0 66.2 + &.5 67.6 + 7. 
Paco: (mm Hg) 38° 2 Er ome 
All values are mean £ SEM. 
"P< 0.05 compared to awake control. 
Table 4. Intracranial Pressure, Mean Arterial Pressure, Cerebral Perfusion Pressure, and Arterial Pco. before and 
during Thiopental-N;O Anesthesia without Atracurium 
: Time (min) after stable conditions 
Awake After | 
control thiopental Q l 2 3 4 5 
ICP {mm Hg) 15.5 + 0.8 8.1 = 1.2” 10.0 + L] 13.95 1.2 147 + 1.2 16.3 + 1.4 17.7 + 1.6 17.8 + 2.0 
MAP (mm Hg) 94.3 + 2.8 80.4 + 2.9° 87.8 + 2.9 91.2 + 2.9 93.0 + 4.7 91.3 + 4.2 97.0 + 4.3 97.5 + 4.1 
CPP (mm Hg) 79.0 + 3.5 Z299 E24 77.8 + 2.6 78.8 + 2.5 78.3 + 4.0 75.0 = 33 78.7 233 79.7 + 3.4 
Paco, 36.9 + 1.8 37.8 + 1.8 


All values are mean © SEM. 
*P < 3.05 compared to awake control. 


from awake control levels throughout the study pe- 
riod. No statistically significant changes in ICP oc- 
curred after atracurium, 0.5 mg/kg intravenously. Al- 
though CPP tended to be lower in the group of patients 
who received atracurium, at no time did this achieve 
statistical significance compared to the control pa- 
tients. Furthermore, no instances of marked increase 
in ICP or marked decrease in MAP or CPP were noted 
in any of the patients. Arterial blood gas tensions did 
not change during the study period, verifying con- 
stancy of controlled ventilation. 


Discussion 
To date, the effects of neuromuscular blocking agents 
on ICP in humans have not been well defined, and 
both hemodynamic and intracranial effects must be 
considered in the proper selection of relaxants. 
Administration of succinylcholine has been associated 
with increases in ICP (2-6) or lumbar cerebrospinal 
fluid pressure (7,8), but some studies have shown it 
to have no effect (9-11). Variability in species, patient 
population, and study design have made interpre- 
tation and comparison of studies difficult, and the use 
of succinylcholine in neurosurgical anesthesia has been 
the subject of varied recommendations (5,12—14) and 
spirited debate (12,13). 

Although previous investigations of pancuronium 
(2,3) and gallamine (9) have not demonstrated an ad- 
verse impact on ICP, the potential for tachycardia and 





hypertension with both of these agents (15-17) sug- 
gests the need for caution when used in patients with 
intracranial vascular pathology or severely impaired 
autoregulation. d-Tubocurarine has been associated 
with increases in ICP in both animals (11) and humans 
(18), possibly due to histamine-induced cerebrovas- 
cular vasodilation (18,19). Intubating doses of curare 
may lead to hypotension (18), which, in concert with 
increases in ICP, may seriously compromise cerebral 
perfusion. Previous investigations of atracurium, 
however, have demonstrated minimal hemodynamic 
effects (1) and little histamine release (20). Our pres- 
ent work has shown that it possesses no effect on ICP 
in patients with intracranial tumors. 

In our study, administration of atracurium at con- 
ventional intubation doses was superimposed upon 
a baseline of 70% nitrous oxide in oxygen anesthesia 
after thiopental induction. Noxious stimuli known to 
cause increases in ICP, either with (21,22) or without 
(22) hemodynamic changes, were avoided during the 
study period. Constant controlled ventilation by face 
mask was monitored by breath-to-breath end-tidal CO, 
analysis and normocarbia was verified by multiple 
arterial blood gas determinations. Direct measure- 
ment of intracranial pressure was obtained through 
a properly functioning subarachnoid pressure screw. 

Although there was no significant change in ICP 
after atracurium, we observed a gradual increase of 
approximately 4 mm Hg in intracranial pressure dur- 
ing the study period after atracurium administration. 
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An identical trend was observed in the control group, 
and thus we believe there was no intrinsic effect of 
atracurium on ICP. Similar findings have been shown 
previously with nitrous oxide anesthesia (23-27) that 
were attributed to cerebral vasodilation and increased 
intracranial blood volume (24). Though this macrease 
did not assume statistical significance, it may be of 
some clinical importance, and probably could have 
been prevented by institution of concomitant hyper- 
ventilation (24,28) or administration of additional bar- 
biturate (26). 

In conclusion, these data show that atracurium, 0.5 
mg/kg intravenously, affords both the hemodynamic 
stability and absence of effect on ICP necessary for 
safe use in patients with intracranial masses and re- 
duced intracranial compliance. 
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Supplemental Medication for Ambulatory Procedures under 


Regional Anesthesia 


Beverly K. Philip, MD 


Increasing numbers of ambulatory surgical proce- 
dures are being performed in hospitals, surgery cen- 
ters, and doctor's offices; many of these procedures 
can be advantageously performed under regional 
anesthesia. This review article will discuss supple- 
mental medication for the adult patient having re- 
gional anesthesia for ambulatory surgery. The intro- 
duction will address the role of pharmacologic 
supplementation, the characteristics of drugs appro- 
priate for ambulatory patients, and the use of verbal 
reassurance as sedation. This will be followed by a 
review of the pharmacology of selected suitable drugs, 
including dosage, duration of action, advantages, and 
adverse effects. 

Supplemental medication for ambulatory regional 
anesthesia serves two major functions. One is to pro- 
vide chemically induced tranquility and relaxation 
during the surgical procedure. Supplemental sedation 
can thereby improve acceptance of regional tech- 
niques, particularly when a patient would rather not 
be fully awake in the operating room (76). The second 
function of supplemental medication is to provide ad- 
ditional analgesia that is useful even with a successful 
regional block. Patients may experience sensations of 
pressure, movement, or visceral traction that can be 
reduced with concomitantly administered analgesics. 
Supplemental analgesics can also ease the discomfort 
of having to lie still on a hard operating table. Sup- 
plemental ataractics and analgesics can greatly in- 
crease the ambulatory patient’s satisfaction with re- 
gional anesthetic techniques. 
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Because the ambulatory patient will be discharged 
within a few hours of operation, there are special 
constraints placed on the choice of supplemental 
medications. These drugs should have an appropri- 
ately short onset and duration of action, few side 
effects, and a minimal likelihood of adverse reactions 
developing after discharge. Appropriate doses must 
be chosen; the recovery time from local anesthesia 
with excessive sedation can be longer than from gen- 
eral anesthesia (41,55). Long-acting amnesia is also 
undesirable because the ambulatory patient must re- 
member the postanesthetic and postsurgical dis- 
charge instructions (in addition to those given in writ- 
ing). Supplemental drugs for the ambulatory regional 
anesthesia patient should be carefully selected to 
achieve desired results with minimal side effects and 
rapid recovery. 

It should be emphasized that verbal reassurance is 
an effective supplementation for ambulatory regional 
procedures. Many patients remain concerned during 
surgery about the anesthesia, about the operation, 
and about possible complications. These fears are best 
combatted by providing information and emotional 
support throughout the procedure so that the patient 
remains calm. Need for supplemental medications will 
thereby decrease (33). The patient can also be helped 
to remain calm by limiting intraoperative noise due 
to instruments and loud conversation; distraction with 
music through headphones is a useful adjunct. 


Pharmacology of Suitable Drugs 


Supplemental medication for ambulatory regional 
anesthesia is best given intravenously. Drugs should 
be administered in small, incremental doses and the 
effect titrated carefully. Intraoperative supplementa- 
tion can also be given as a continuous infusion, which 
may result in lower total drug doses and fewer side 
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effects (114). Supplemental sedation and analgesia may 
also be administered by inhalation when appropriate. 
Table 1 provides a summary of approximate dosages 
for selected drugs. 


Ataractics 


Benzodiazepines. Diazepam is the benzodiazepine 
most widely used for supplemental sedation (see Ta- 
ble 1). Sedation appears within 2-3 min of intrave- 
nous administration (6). Diazepam is rapidly cleared 
from plasma, with a distribution half-life of approx- 
imately 1 hr (59). However, the total dose ol intra- 
venous diazepam should be limited to avoid pro- 
longed effects. Ataxia and dizziness sufficient te delay 
discharge are present in 8 and 16% of subjects, re- 
spectively, 1 hr after administration of 10 mg (16). 
After 20 mg, these causes of delayed discharge are 
present in 40 and 30% of subjects. Tests of eoordi- 
nation and reaction time are abnormal for 6 hr after 
0.15 mg/kg of intravenous diazepam (64). To avoid 
oversedation of the ambulatory patient, diazepam 
should be used in 2.5-mg increments at intervals of 
no less than 3 min. Individual response is widely 
variable, and drug dosage must be reduced in the 
elderly (74). 

After a period of early recovery, drowsiness and 
an increase in plasma concentration have been re- 
ported at 6-8 hr, probably due to enterohepetic re- 
circulation (6). Also related to enterohepatic recircu- 
lation is an increase in serum concentration and 
drowsiness that occurs when fatty solid foods are con- 
sumed 3-7 hr after diazepam administration (66). Fatty 
food intake should be limited during the recovery of 
the ambulatory patient to avoid resedation, particu- 
larly when higher drug doses have been used. 

Diazepam is biotransformed by hepatic metabo- 
lism. Its elimination half-life is 24-48 hr in adu't sub- 
jects and is even longer in the elderly (60,74). Diaze- 
pam metabolites, notably desmethyldiazepam, are also 
pharmacologically active. After intravenous diaze- 
pam administration, plasma levels of desmethyldi- 
azepam increase over 48 hr, and the elimination half- 
life of this metabolite is 51-120 hr (6,74). Diazepam 
should not be considered a drug with short duration 
of action, and ambulatory patients should be cau- 
tioned that they may feel tired for a day or more after 
diazepam administration. 

To supplement regional anesthesia, some give di- 
azepam until slurred speech and drooping eyelids 
occur. This has resulted in large doses, averaging 0.31 
mg/kg for outpatient dental procedures (41) and 0.45 
mg/kg for outpatient endoscopies (111). Korttila and 
Linnoila (64) studied the effect of 0.30 and 0.45 mg/kg 
diazepam on skills related to driving. Although Rom- 


-+ 








PHILIP 
Table 1. Use of Selected Drugs for 
Supplemental Medication 
Class Drug Suggested dose References 
Ataractics Diazepam 0.05-0.15 mg/kg Doz 
Midazolam 0.03-0.15 mg/kg 20,28 
Droperidol 5-17 g/kg 68,98, 117 
Analgesics Fentanyl 1-3 g/kg 18,47,88 
Alfentanil 5-20 pe/ke 100,105 
Inhalation Enflurane 0.5% 1,66 
analgesia Nitrous oxide 30-50% 32,40, 108 


berg tests are negative after 36 min, impairment of 
coordination and reactive skills persist until 10 hr. 
Tests of attention are minimally affected. Narcotics 
are often given in conjunction with diazepam to sup- 
plement sedation; this combination delays the return 
of normal function (63). Patients should be cautioned 
not to drive or operate dangerous machinery for at 
least 10 hr after sedation with high-dose diazepam 
and 24 hr after diazepam with long-acting narcotics. 

The major drawbacks of diazepam administered 
intravenously for supplemental sedation are local pain 
and phlebitis. Because diazepam is insoluble in water, 
it is formulated in organic solvents including propyl- 
ene glycol and ethyl alcohol (Valium, Roche Labo- 
ratories, Nutley, NJ). Three days after 0.3 mg/kg di- 
azepam is injected intravenously into the dorsum of 
the hand, 100% of 8 patients develop phlebitis (42). 
When 5 mg diazepam is injected into the larger ce- 
phalic vein at the wrist, the incidence of sequelae is 
less: at 3 days, there is tenderness in 19% and throm- 
bophlebitis in 17% of 47 patients (80). The incidence 
of venous sequelae after diazepam increases with time: 
23% after 2-3 days and 39% after 7-10 days (46). 
Also, a faster rate of injection is associated with a 
higher incidence of immediate pain (66). Flushing the 
vein vigorously with saline may reduce subsequent 
thrombophlebitis. 

Diazepam is available in an oil emulsion in Europe, 
as Diazemuls (Kabi-Vitrum, Sweden). This prepara- 
tion has a lower reported incidence of immediate pain 
(1%)(101) as well as thrombophlebitis (6% after two 
weeks) (54). The Diazemuls formulation, while equally 
effective, is more expensive (68). 

Diazepam is particularly useful with regional anes- 
thesia because it increases the seizure threshold for 
local anesthetics (23). This should not, however, be 
construed as a reason to exceed the permissible dose 
of local anesthetic. 

Diazepam should not be given to ambulatory pa- 
tients without monitoring respiration. Doses of 0.14 
mg/kg intravenously depress the ventilatory response 
to CO, increase the dead space to tidal volume ratio, 
and increase arterial PCO, (12). These effects start within 
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1 min and last 25-30 min (45). Depression of venti- 
latory response correlates with drowsiness. 

Clinical overdoses of diazepam may be given ac- 
cidently; various antagonists have been tried. Nal- 
oxone, 0.4 mg (13), physostigmine, 1-2 mg (8,43), and 
aminophylline, 1 mg/kg (106), have all been used with 
inconsistent success and with significant side effects 
including nausea, vomiting, changes in blood pres- 
sure, and cardiac dysrhythmias. The routine use of 
any of the above drugs to antagonize diazepam effects 
in the ambulatory patient is not recommended. A 
specific benzodiazepine antagonist (RO 15-1788) is 
being developed that reverses both soporific and res- 
piratory depressant effects, but its relative duration 
of action and side effects are still under investigation 
(25,70). 

Diazepam is able to produce anterograde amnesia. 
A lack of recall after 5 or 10 mg intravenous diazepam 
develops in 50 and 90% of patients, respectively; am- 
nesia is present at 1 min, peaks at 2-3 min, and per- 
sists approximately 30 min (27). 
volunteers who develop anterograde amnesia is in- 
creased by a more rapid rate of diazepam injection 
(66). Retrograde amnesia after intravenous diazepam 
has been variably reported (15,22). Diazepam given 
intravenously may be used to produce brief amnesia 
in the ambulatory patient receiving regional anes- 
thesia, for the insertion of the block or for the oper- 
ative procedure. Although 10-mg intravenous bolus 
doses have been studied, the use of 2.5-mg incre- 
ments is preferred in the ambulatory patient, to avoid 
oversedation. This may limit the amnesia obtained. 
It should also be emphasized that some bas be- 
come distressed when they cannot recall periopera- 
tive events (19), particularly those patients who choose 
regional anesthesia to remain aware of their sur- 
roundings. The potential for amnesia should be dis- 
cussed with the patient in advance. 

Lorazepam is a benzodiazepine that causes signif- 
icant sedation and amnesia, but the duration of these 
effects is long (86), and its use is not recommended 
for supplementation of ambulatory regional anes- 
thesia (26). 

Midazolam is a new benzodiazepine that is twice 
as potent as diazepam (28) (see Table 1). Anterograde 
amnesia has been reported in 90-96% of patients after 
5-mg intravenous midazolam; this effect is present at 
2 min after injection and declines over the ensuing 
20-40 min (20,29). Retrograde amnesia has not been 
demonstrated. Sedation and anxiolysis appear within 
1-2 min after 5 mg (20), and marked sedation persists 
for at least the half-hour of observation. In other stud- 
ies using a 5-mg dose, motor performance recovers 
in 34 min, and subjects are fully awake and walking 
unaided at 73 min (28,42). There is considerable vari- 
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ation in individual response. Midazolam plasma lev- 
els demonstrate a short half-life of 60-90 min, without 
evidence of enterohepatic recirculation and recur- 
rence of drowsiness. 

Midazolam has been compared to diazepam for 
ATA of ambulatory regional anesthesia. 
Dixon et al. (24) gave a total of 0.10 mg/kg midazolam 
or 0.18 mg/kg diazepam to patients having spinal, 
epidural, and brachial plexus blocks. The degree of 
intraoperative sedation is similar after either sedative 
when these moderate doses are used. However, when 
residual sedation is evaluated after two hours’ recov- 
ery, 80% of the patients who receive midazolam are 
awake. After the same period of recovery from di- 
azepam, patients remain more sedated; only 67% are 
awake. Amnesic effectiveness under these conditions 
can also be compared (24). Fifty percent of patients 
who receive 0.10 mg/kg midazolam remember noth- 
ing of their operation, but only 18% of patients who 
receive 0.18 mg/kg diazepam are completely amnesic. 
Midazolam, rather than diazepam, does provide rel- 
atively more rapid recovery and more effective am- 
nesia when used to supplement regional anesthesia 
for ambulatory dental (5) and endoscopic (99) pro- 
cedures as well. 

However, large doses of midazolam will result in 
prolonged effects. Three sours after sedation with 
0.19 mg/kg midazolam, 50% of patients having had 
spinal anesthesia remain drowsy or asleep (76). To 
supplement ambulatory regional anesthesia, mida- 
zolam should be given in small 1-2-mg increments 
and time should be allowed for its effect to develop. 

Midazolam is water-soluble, and venous irritation 
is minimal. Dundee et al. (28) report no pain on in- 
jection and no thrombophlebitis 2 weeks after 5 or 10 
mg of midazolam. Microscopic examination of rat veins 
after midazolam administration shows no pathologic 
alteration (85). Considering its effective sedation, short 
duration of action, and minimal irritation of veins, 
midazolam holds great promise as supplemental 
medication for ambulatory procedures. 


Droperidol. Droperidol has been used for many years 
as a supplement to surgical and diagnostic proce- 
dures. This butyrophenone derivative produces se- 
dation and a sense of detachment. Amnesia is mini- 
mal (65). Droperidol does not significantly affect 
respiration (36) although wide individual variation of 
response occurs (91). When droperidol is adminis- 
tered witha narcotic, neuroleptanalgesia results. Over- 
enthusiastic use of droperidol for sedation, alone and 
in neurolept combinations, generated many reports 
of complications including prolonged and excessive 
sedation, hypotension, extrapyramidal symptoms, and 
apprehension and anxiety despite apparent drowsi- 


kadi 


1120 ANESTH ANALC 
1985:64:1117-25 


ness (35,38,47,67,81). Doses given were 0.04-0.17 mg/kg 
in adults and 0.1-0.17 mg/kg in children (30). Patients 
sometimes become anxious, agitated, and confused 
to the extent that they cancel previously agreed-to 
elective surgery. The incidence of refusal was 4.7% 
in a series of 121 military patients for plastic surgery 
(10) and 0.7% in a series of 1438 private patients 
scheduled for sterilization or plastic surgery proce- 
dures (69). Such larger doses of droperidol should not 
be used for sedation of ambulatory patients. 

In addition to producing unacceptable side effects, 
the duration of sedation is too long after doses ct 0.04 
mg/kg or more. Korttila and Linnoila (65) evaluated 
recovery and driving-related skills after intravenous 
injection of 5 mg of droperidol. Clinical recovery as 
determined by a negative Romberg sign is present 
after 25 min, but tiredness or drowsiness is still re- 
ported after 10 hr by 50% of the volunteers. Tests of 
coordination and attention remain significantly ab- 
normal at the final 10-hr testing. The concurrent 
administration of fentanyl, 0.2 mg, does not affect the 
results of objective tests. 

Droperidol, 2.5 mg/ml, is sold alone and in com- 
bination with fentanyl, 0.05 mg/ml, as Innovar ‘Jans- 
sen Pharmaceutica, New Brunswick, NJ). This neu- 
rolept combination is, in general, not appropriate for 
supplementation of ambulatory patients. The seda- 
tion caused by this relatively large dose of butyro- 
phenone far outlasts the analgesic effect of the nar- 
cotic component. 

Droperidol in lowered dosage is useful to supple- 
ment ambulatory procedures, for its sedative and par- 
ticularly for its antiemetic properties (53,116) (see Ta- 
ble 1). Doses of 0.005-0.017 mg/kg (0.625-—1.25 mg in 
adults) significantly reduce the incidence of postop- 
erative vomiting in adults and children (62,95,113). 
Droperidol is effective by the intravenous or mtra- 
muscular route, particularly when given pre- or in- 
traoperatively. Side effects such as excessive sedation, 
extrapyramidal symptoms, or anxiety are not seen at 
these doses. Droperidol may be given prophydacti- 
cally to the patient with a history of previous post- 
operative vomiting (93), or to the patient whose pro- 
cedure is associated with a high incidence of emesis, 
such as ocular (2,51,56,84) or gynecologic (18,78,82,88) 
surgery. Droperidol also significantly reduces emesis 
if given postoperatively at the onset of symptoms 
(72,173). 


Analgesics 

Fentanyl. Fentanyl is a potent narcotic cogener of 
meperidine. After intravenous administration, sub- 
jective response ta fentanyl (3.2 g/kg) begins within 
2 min and lasts 45-60 min (75). Study of plasma fen- 
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tanyl kinetics shows that termination of effect is due 
to redistribution into blood and peripheral tissues. 
The redistribution half-life of fentanyl is 13.4 min, and 
98.6% of the injected dose is cleared from plasma in 
60 min (75). These rapid early drug kinetics illustrate 
why fentanyl has become the most widely used nar- 
cotic to supplement ambulatory procedures (see Table 
1). Increments of 25-50 ug fentanyl may be given 
intravenously to achieve desired analgesia, with an 
initial dose totalling 50-200 ug (1-3 ug/kg). Additional 
doses may be given in 30-60 min as clinically indi- 
cated. The elderly require reduced drug doses. 
Although fentanyl is an appropriate narcotic for 
ambulatory procedures, its use is not without prob- 
lems. Fentanyl causes marked respiratory depression. 
A dose of 1.3 g/kg results in depression of CO, re- 
sponse slope comparable in magnitude and duration 
to that seen after 0.12 mg/kg morphine (94), with both 
responses remaining below 80% of control for 4 hr. 
There is also evidence of a recurrence of respiratory 
depression, accompanied by decreases in Pao, and 
pH and an increase in Paco, (7,108). Respiratory 


depression occurs first at 30-60 min and again thereafter, 


with wide individual variation. These delayed effects 
may be due to secretion of fentanyl into gastric juice 
and reabsorption from the small intestine (107), or 
due to the return of unchanged active fentanyl from 
peripheral compartments such as muscle, when in- 
creased patient activity causes increased blood flow 
(75). The delayed hepatic metabolism and slow elim- 
ination half-life of fentanyl, 219 min, may reflect this 
drug return. The clinician should be aware that som- 
nolence, respiratory depression requiring ventilatory 
support, and respiratory arrest have occurred 0.5-4 
hr after apparent recovery from fentanyl administra- 
tion (3). The addition of droperidol, given as Innovar, 
does not alter the respiratory depression caused by 
fentanyl (7). Rigidity after fentanyl (14,100,103) has 
not been reported in the awake sedated ambulatory 
patient. 

Naloxone has been used to reverse narcotic side 
effects, primarily respiratory depression. Naloxone, 
however, has sequelae of its own. Unless carefully 
titrated, it can eliminate the analgesia. Hypertension, 
pulmonary edema, ventricular arrhythmias, and car- 
diac arrest in healthy patients have been reported 
after 0.1-0.4 mg naloxone (4,92,109). The routine 
“prophylactic” use of naloxone after fentanyl supple- 
mentation cannot be recommended. 

Continuous infusion of fentanyl rather than inter- 
mittent bolus administration has been used for am- 
bulatory patients (114). After a 100-ug loading, oe 
fentanyl is administered as 0.1 ug-kg~'- min‘ of a 
2 ug/ml infusion solution rather than in 50-yg incre- 
ments. A 45% decrease in the total dose results: 233 
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ug for a 23-min procedure. With the lower dose, in- 
traoperative motor and cardiovascular side effects are 
less frequent and time to awakening decreases 62%. 
Excessive postoperative sedation decreases from 48 
to 4%, and discharge times decrease by 29%. If an 
ongoing need for fentanyl supplementation is antic- 
ipated, the continuous infusion technique may be 
advantageous. 


Other opioids. New narcotics have been synthe- 
sized in an attempt to achieve analgesia with fewer side 
effects. The agonist—antagonists butorphanol and nal- 
buphine are two such drugs with potential use for 
ambulatory supplementation. Butorphanol is approx- 
imately five times as potent as morphine, while nal- 
buphine is considered to be equipotent with mor- 
phine. These narcotics cause limited respiratory 
depression; with continued drug administration, only 
minimal increases occur after the equivalent of 10 mg 
of morphine. Butorphanol has a subjectively pleasant, 
slightly sedative effect. Onset of action for either drug 
is within 2 min after intravenous administration. Un- 
fortunately, their duration of action is long, similar to 
morphine. Fine and Finestone (37) used moderately 
large doses of these drugs (butorphanol, 0.06 mg/kg, 
and nalbuphine, 0.3 mg/kg) with thiopental and ni- 
trous oxide for cystoscopy, and they found the inci- 
dence of side effects and duration of recovery greater 
than with fentanyl (0.003 mg/kg). The place for re- 
duced doses of these agonist—antagonist narcotics to 
supplement ambulatory procedures has not been 
evaluated. 

Some longer-acting opioid analgesics have been 
popular supplements in specific institutions, usually 
as a holdover from inpatient use. Morphine and me- 
peridine are two such drugs. The use of longer-acting 
opioids results in a longer duration of sedation and 
of other side effects such as nausea and dizziness. 
Meperidine in particular is not recommended for out- 
patient administration. Intramuscular meperidine is 
associated with syncope after standing up, and tests 
of coordination and reaction time remain abnormal 
12 hr after the administration of 75 mg (63). The use 
of such longer-acting opioid analgesics should be 
avoided as supplementation for the ambulatory pa- 
tient (79). 

The needs of outpatient anesthesia have prompted 
the search for new short-acting narcotic analgesics. 
Alfentanil (57,77,83) is a fentanyl analog with ap- 
proximately one-quarter the potency and one-third 
the duration of action of the older drug (see Table 1). 
The pharmacokinetic characteristics of alfentanil in- 
clude a rapid redistribution half-life, 11.6 min, and an 
elimination half-life of 94 min (9), which is consid- 
erably shorter than that of fentanyl (219 min (75)). 
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Termination of alfentanil’s effect is primarily depend- 
ent on hepatic metabolism rather than on redistri- 
bution, and prolongation of action after large or re- 
peated doses should not occur (49,104). No secondary 
increases in alfentanil plasma concentration have been 
reported. Recovery after ambulatory procedures has 
consistently been rapid if appropriate doses are used 
(87,96, 102). 

The pharmacokinetics of alfentanil suggest that it 
may best be used by continuous infusion for the sup- 
plementation of ambulatory regional anesthesia. Pa- 
tients have been given a loading dose of 250-500 ug 
alfentanil, followed by 40-70 ug/min of a 10 ug/ml 
solution (16). Use of an infusion rather than inter- 
mittent 250-ug boluses results in a 38% decrease in 
total dose. Times to awakening, orientation, and am- 
bulation are also decreased. Continuous infusion of 
alfentanil for postoperative analgesia has also been 
successful, with a mean rate of use of 8.1 + 1.7 ug/min 
(58). 


Inhalation Analgesia 


Anesthetic gases and vapors administered at suban- 
esthetic concentrations provide analgesia and seda- 
tion. These effects can be used to supplement regional 
anesthesia for ambulatory procedures. Advantages of 
inhalation over intravenous analgesia are related to 
the mode of drug administration: ventilation through 
the lung. These advantages include rapid reversibility 
and easier maintenance of a constant blood concen- 
tration and, therefore, constant anesthetic effect (34,89). 
A disadvantage is the need to administer the gas or 
vapor through a tight-fitting mask or mouthpiece, to 
provide adequate drug intake and to avoid contami- 
nation of operating room air. Inhalation analgesia is 
particularly useful for minor surgery on closed space 
infections, which are difficult to block with local an- 
esthetic (39). Adult, pediatric (11,44), and mentally 
retarded (50) patients are all satisfactory candidates. 

Most inhalation anesthetic agents have been used 
for analgesia. Methoxyflurane is well accepted by pa- 
tients and is effective for inhalation analgesia when 
given intermittently at concentrations of 0.2-0.5% 
(1.2-3.1 MAC) (17). However, methoxyflurane is me- 
tabolized in part to inorganic fluoride, and serum 
fluoride levels above 50 uM/L have been associated 
with polyuric renal failure. This level has been reached 
in patients self-administering methoxyflurane for ob- 
stetric pain relief (73). The use of methoxyflurane an- 
algesia for ambulatory patients is not recommended 
due to the possibility of renal damage. 

Isoflurane could also be used for subanesthetic in- 
halation analgesia. Potential advantages of isoflurane 
include rapid induction and emergence, due to the 
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agent's low blood/gas solubility, and less possibility 
for renal or hepatic toxicity, due to minimal metab- 
olism. However, its use for inhalation anaigesia is 
limited in practice because isoflurane has a pungent 
odor and can cause respiratory tract irritation, which 
reduces acceptance of the drug (112). 

Halothane is well tolerated and has been em ployed 
for inhalation analgesia particularly for dental pro- 
cedures (98), However, the use of halothane kas been 
largely supplanted by enflurane, because the inci- 
dence of cardiac dysrhythmias during oral surgery is 
markedly reduced from 34.2 to 2.7% when the latter 
agent is used (115). Local anesthetic blockade does 
decrease the incidence of arrhythmias associated with 
dental surgery and halothane (90), but the potential 
for halothane-related hepatotoxicity remains a problem. 

Subanesthetic concentrations of enflurane are ef- 
fective and are used to provide supplemental anal- 
gesia for ambulatory procedures (see Table 1). Psy- 
chomotor testing during enflurane inhalation show 
that digit memory, audiovisual reaction time, and 
manual dexterity are impaired at end-tidal concentra- 
tions greater than 0.09 MAC (0.2% inspired) @1). At 
0.24 MAC enflurane (0.53% inspired), sufficient 
drowsiness sometimes develops to preclude com- 
pleting the tests. Dose-related amnesia is seen also. 
similar concentrations, approximately 0.5% inspired 
enflurane or 40% inspired nitrous oxide, have been 
reported to achieve maximal analgesia withaut loss 
of consciousness in obstetric patients (1). Satistactory 
pain relief is reported by 89 and 76% of the parturients 
for the two agents, respectively, and complete am- 
nesia (of delivery) develops in 7 and 10% of patients. 
The difference between the agents is not significant. 

Nitrous oxide has achieved widespread popularity 
particularly as an adjunct to dental regional an- 
esthesia (see Table 1). Concentrations of 10-60% in 
oxygen are used, with wide variability in individual 
response (32). Onset of analgesia is rapid, as is ter- 
mination of the effect once administration ceases (40). 
Psychomotor effects have also been studied (614. Dur- 
ing the inhalation of 30% end-tidal nitrous oxide, im- 
pairment of word recall, the ability to do arithmetic 
problems, and eye—hand coordination are seen. Im- 
pairment is maximal 7 min after beginning inhalation 
and it remains at that level for the half-hour of gas 
administration. Subjects report a significant increase 
in physical and mental sedation and in relief of ten- 
sion (relaxation). Recovery of normal function is com- 
plete 22 min after administration ceases. An appro- 
priate period of postanesthetic supervision is, therefore, 
necessary for any ambulatory patient after nitrous ox- 
ide inhalation. 

It should be remembered that analgesia generated 
with a fixed percentage of nitrous oxide decreases 
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with increasing altitude. This is directly related to the 
reduced partial pressure of nitrous oxide at a lower 
total atmospheric pressure. At sea level, inhalation of 
50% nitrous oxide generates sufficient analgesia to 
increase tibial pressure pain threshold 71.5% (52). In 
the same subjects, 50% nitrous oxide at 1460 m alti- 
tude (630 mm Hg in a pressure chamber) produces 
only a 40% increase, and at 3300 m (518 mm Hg) a 
19% increase in tibial pressure pain threshold. 

The actual percentage of an inhaled agent reaching 
the patient, and therefore level of analgesia obtain- 
able, depends on the method of administration. Lich- 
tenthal et al. (71) measured the efficiency of sev- 
eral administration systems by comparing the nitrous 
oxide concentration delivered to the system to the 
steady-state end-expiratory concentration in healthy 
subjects. Fifty percent nitrous oxide in oxygen was 
delivered to all administration systems. Nasal prongs 
at 7-8 L/min are only 18% efficient, generating an end- 
expired concentration of only 9%. A rebreathing mask, 
such as might be used during regional anesthesia, is 
34% efficient, generating an end-expired concentra- 
tion of 17%. To achieve 95-98% efficiency, a tight- 
fitting nonrebreathing mask is needed. The effect of 
an inhaled anesthetic using a dental-type nasal mask 
also depends on what fraction of inhalation is through 
the nose and on how much agent is entrained through 
the nose during oral respiration. 

Patient-controlled self-administration of nitrous ox- 
ide or methoxyflurane has also been used to provide 
supplemental analgesia and sedation. Inhalers are 
available that will deliver 0.3-0.9% methoxyflurane 
in air (17), or 50% nitrous oxide in oxygen either pre- 
mixed (105) or from tandem cylinders (39). A potential 
safety advantage of these devices is the need for pa- 
tient cooperation in maintaining a tight mouthpiece 
or mask seal in order to receive anesthetic (17,105, 110). 
This is intended to limit excessive anesthesia with 
resultant risks of excitement, as well as vomiting and 
aspiration. Such a potential advantage can, of course, 
be lost, as by propping the inhaler on a pillow (17). 
Furthermore, methoxyflurane inhalers are able to de- 
liver concentrations of several times 1 MAC (48), suf- 
ficient to produce surgical anesthesia if inspired con- 
tinuously. Patient-controlled devices are intended to 
be safe enough to use without an anesthesiologist 
present. However, the patient receiving self-admin- 
istered inhalation analgesia still requires a trained in- 
dividual in constant attendance; this attendant must 
terminate or decrease the anesthetic if drowsiness, 
confusion, or excitement develops. Devices for self- 
administered inhalation analgesia should not be used 
in “local rooms” of an ambulatory surgery suite with- 
out such precautions. 

Because the degree of analgesia obtained is strongly 
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influenced by the expectation of pain or its relief, it 
is not surprising that when patients are given the 
suggestion that nitrous oxide causes an enhanced sen- 
sitivity and awareness of body sensations, pain re- 
sponses are actually heightened during gas inhalation 
(31). On the other hand, establishing the expectation 
that nitrous oxide is an effective analgesic reduces 
perceived pain. Anxiety and expectation of pain can 
also be reduced by eliminating stressful environ- 
ments. More subjective relief and decreased anxiety 
are obtained using the same 15-45% inhaled nitrous 
oxide if dental stimulation is performed in a pain- 
research laboratory rather than in a dental clinic (32). 

Side-effects of nitrous oxide inhalation analgesia 
have been reported. Lichtenthal et al. (71) reported 
that concentrations of over 30% sometimes cause ex- 
citement. Stewart et al. (105), in evaluating 50% ni- 


trous oxide in oxygen, reported a 20.6% incidence of 


minor side-effects including nausea or vomiting (5.7%), 
dizziness or lightheadedness (10.3%), excitement 
(3.7%), and numbness (0.3%). These authors do not 
include the 7.6% of patients who become drowsy or 
lightly asleep as complications. Oversedation can, 
however, eliminate one of the advantages of inhala- 
tion analgesia: the preservation of airway reflexes. 
Twenty percent of patients breathing 50% nitrous ox- 
ide in oxygen through a nasal mask aspirated dye 
placed in the mouth during simulated dental treat- 
ment (97). 

In summary, inhalation analgesia to supplement 
ambulatory procedures may be obtained bv using ap- 
proximately 30-50% nitrous oxide or 0.5% enflurane. 
Undesired side effects, impairment of psychomotor 
abilities, and sometimes amnesia can occur at these 
doses. Care must be taken to avoid unintentional gen- 
eral anesthesia and its potential complications. 





The author wishes to thank Arlene C. Moldoff for expert secretarial 
assistance. 
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Clinical Reports 





Development of Resistance to Pancuronium in Adult Respiratory 


Distress Syndrome 


Deborah L. Callanan, MD 


Muscle relaxants are being used not only mere fre- 
quently but also for longer periods as improved tech- 
niques in mechanical ventilation produce longer sur- 
vival of patients with severe respiratory disease. It is 
often helpful to these patients both to minimize their 
work of breathing in order to decrease oxygen con- 
sumption and to decrease the inflating pressures gen- 
erated in order to possibly lower the risk of baro- 
trauma (1). Typically, repeated doses or continuous 
infusions of a nondepolarizing muscle relaxant such 
as pancuronium have been effective in providing pa- 
ralysis of the respiratory muscles (2). In this report, | 
present the case of a patient who became unrespon- 
sive to the muscle relaxant effects of pancuronium on 
the sixth day it was used. 


Case Report 


A 15-yr-old, 50 kg girl was admitted to the Hospital 
of the Medical Coll ege of Pennsylvania on August 8, 
1984 after ingesting approximately 3 g of doxepin. She 
was reponsive only to deep pain on arrival in the 
emergency room. A tracheal tube was inserted shortly 
thereafter for management of ventilation and for air- 
way protection. She was treated with repeated gastric 
lavages and charcoal administration for the next 24 
hours. Initial arterial blood—gas analysis taken while 
the patient was breathing 100% O; ona Bear ventilator 
with a tidal volume of 650 ml at a rate of 15 breaths/min 
showed a PO; of 387 mm Hg, Pco2 of 30 mm Hg, and 
pH 7.45. The initial chest x-ray was normal, although 
the tip of the endotracheal tube was at the carima. On 
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admission to the pediatric intensive care unit, the en- 
dotracheal tube was suctioned with return of thick 
brown secretions. A repeat chest x-ray showed a dense 
right upper lobe, a suggestion of increased interstitial 
markings in the remainder of the right lung, and good 
position of the endotracheal tube. Arterial blood—gas 
analysis showed a Po, of 99 mm Hg with an Fio, of 
0.6. Therapy with PEEP was begun at 5 cm HO 

Thirty-six hours after admission, the patient was 
intermittently alert and able to answer questions by 
moving her head. Her chest x-ray, however, showed 
a bilateral glassy appearance compatible with adult 
respiratory distress syndrome, and her ventilatory re- 
quirements included a PEEP of 10 cm H-O and an 
Fio; of 0.6 to maintain a PO, of 97 mm Hg. On the 
third hospital day, a catheter was inserted into the 
left subclavian vein. This was complicated by devel- 
opment of a left tension pneumothorax and cyanosis 
of the left hand. The pneumothorax was treated with 
a thoracostomy tube, but a continuous air leak re- 
mained with development of a pneumomediastinum 
and subcutaneous emphysema. On August 11, 1984, 
the patient underwent arteriography, and subse- 
quently thrombectomy and embolectomy were per- 
formed to remove clots from the left subclavian artery 
and vein and the left brachial artery. During the course 
of that day, she became progressively more difficult 
to ventilate because of motor activity, so she was se- 
dated with a total of 35 mg diazepam and given pan- 
curonium bromide. Because the severity of her lung 
disease made it desirable to minimize her ©. con- 
sumption, it was elected to continue muscle paralysis 
postoperatively. Between August 11 and 17, she re- 
ceived 310 mg intravenous pancuronium with indi- 
vidual doses ranging from 4 to 8 mg. The apnea 
produced lasted 75-120 min after these doses of pan- 
curonium. She was also given diazepam and mor- 
phine for sedation. 


CLINICAL REPORTS 


On August 17, she received 8 mg of pancuronium 
at 10 AM. She also received her usual sedation of 2.5 
mg of diazepam at 7 and 11 AM and 2 mg of morphine 
at 8 and 10 AM. Because of spontaneous ventilatory 
efforts, another dose of 8 mg of pancuronium was 
given at 11:30 AM. The drug was given through the 
proximal port of a Swan—Ganz catheter from which 
blood could be aspirated freely. There was no appar- 
ent effect on her respiratory effort. A supplemental 
dose of 4 mg pancuronium was given without effect. 
At 12 noon she had onset of tachycardia (150 beats/min) 
and hypertension (170-—200/90 mm Hg). Sedation with 
4 mg morphine produced better synchronization of 
lung inflation with the ventilator, but respiratory ef- 
fort was still present. The pancuronium was obtained 
from two different vials, and neither expiration date 
had been reached. The mode of ventilation was 
changed to synchronized intermittent mandatory 
ventilation in an attempt to deliver adequate tidal 
volumes, but the respiratory rate had to be increased 
from 24 to 45 breaths/min to coordinate with her res- 
piratory drive. The hypertension and tachycardia re- 
solved. Subsequent use of pancuronium and sedation 
failed to produce apnea. The patient expired from 
respiratory failure on August 19, 1984. 

Other medications used in this patient included, 
in addition to a parenteral nutrition solution contain- 
ing 35% glucose and 5% amino acids, Intralipid, di- 
phenylhydantoin, cefotaxime, clindamycin, mor- 
phine sulfate, diazepam, heparin, cimetidine, and 
aspirin. Her doxepin level was 1090 ng/ml on August 
8, 520 ng/ml on August 9, and only 30 ng/ml on Au- 
gust 15 (therapeutic range is 110-240 ng/ml), so dox- 
epin should not have had any interaction with the 
pancuronium effect by August 17. Two 10-mg doses 
of furosemide had been given at 3 AM and 8 AM on 
August 17. Urine output was 1762 cc/24 hr in this 50- 
kg girl. 

Laboratory studies on August 16 showed a total 
protein, 5.6 g/dl; albumin, 2.8 g/dl; calcium, 7.5 mg/dl; 
phosphorus, 4.2 mg/dl; alkaline phosphatase, 116 U/L; 
and total bilirubin, 2.3 mg/dl. Hemoglobin was 11.4 
g/dl, white blood cells (WBC) 27,600/mm°, and plate- 
lets were 210,000. Prothrombin time was 23 sec (con- 
trol 12), and partial thromboplastin time was 72 sec 
with a control of 34. 


Discussion 


Correspondence with Organon, the manufacturer of 
pancuronium, revealed no previous reports of this 
phenomenon. Possible mechanisms proposed for this 
patient’s unresponsiveness to the neuromuscular 
blockade include the following. 
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The affinity of the neuromuscular cholinergic re- 
ceptors for pancuronium decreased dramatically. 


Pancuronium became bound to an antibody or some 
other substance that was not present in the plasma 
at the start of treatment. 

An enzyme capable of rapidly metabolizing pan- 
curonium developed in the course of treatment, 
or the pancuronium was precipitated by some 
exogenous material administered to this patient. 

Increased liver metabolism or urinary excretion of 
pancuronium occurred. 


The number of acetylcholine receptors increased. 


Decreased receptor affinity may have occurred. Al- 
though the patient became tachycardic and hyper- 
tensive after the ineffective dose of pancuronium, it 
seems likely that this was not due to the cardiovascular 
effects of the drug but rather to the anxiety and stress 
associated with her marked incoordination with the 
ventilator. The hypertension and tachycardia did re- 
solve with the change to synchronized intermittent 
mandatory ventilation (IMV) and increased doses of 
sedatives. 

Binding to some material in the plasma may have 
occurred. Usually the percentage of pancuronium 
bound to protein is clinically insignificant (3, p 205). 
However, this patient was receiving an intravenous 
amino acid solution. Perhaps this might react with 
pancuronium differently than do the usual plasma 
proteins. 

Increased urinary excretion seems unlikely because 
even with furosemide, the patients’ urine output was 
normal. There was mild evidence of liver dysfunction 
with an increase in the direct bilirubin. The autopsy 
showed passive congestion of the liver. Increased liver 
uptake thus seems unlikely. 

This patient received multiple drugs. Although 
clindamycin is reported to prolong the neuromuscular 
blockade, none of these drugs is reported to antag- 
onize the block (3, p 208). 

A marked change in ventilatory status could have 
altered the respiratory drive and thus the response of 
respiratory muscles to pancuronium. However, the 
blood~gas analyses before the effective and ineffec- 
tive doses of pancuronium were remarkably similar. 
At 10 AM, PO was 74 mm Hg, Pco, was 46 mm Hg, 
and pH 7.46. At 11 aM, Po. was 64 mm He, Pco, 45 
mm Hg, and pH 7.46. Thus it seems highly unlikely 
that a chemical stimulus to ventilation played a role 
in the changed response to pancuronium. 

Burn patients have been reported to need larger 
than usual doses of pancuronium and other muscle 
relaxants. The mechanism for this is thought to be an 
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increase in the number of acetylcholine receptors or 
altered affinity of the relaxants for these receptors (4). 
The presence of large quantities of fluid in the phys- 
idlogic third space is a factor common to burn patients 
and those with adult respiratory distress syadrome 
who have altered cardiac return due to high levels of 
positive and expiratory pressure. It is possible that 
pancuronium may be trapped in this space and be 
unavailable for physiologic activity. Resistance to 
pancuronium has also been reported in an asthmatic 
patient, but he was receiving aminophylline and hy- 
drocortisone, both of which can reverse the neuro- 
muscular blockade (5). 

Because of the complex nature of this patient's ill- 
ness, she received a large number of medications that 
may singly or in combination have altered her re- 
sponse to pancuronium. She had multisystem dys- 
function that also may have affected her response. 
The failure of pancuronium to produce respiratory 
paralysis made her ventilatory status far more difficult 
to manage. Curare was not used in this patient be- 
cause it was feared that any hypotension produced 
might upset the precarious balance between cardiac 
output and the impaired venous return which re- 
sulted from 20 cm HO of PEEP. No other muscle 
relaxants were tried because synchronized IMV and 
increased sedation were adequate alternatives to pa- 
ralysis in the terminal phase of her disease. Clinicians 
should be aware of the potential for muscle relaxant 
failure so that alternate strategies in respiratory man- 
agement can be planned. 


CLINICAL REPORTS 


In summary, a 15-yr-old with adult respiratory dis- 
tress syndrome became resistant to the effects of pan- 
curonium on the sixth day of its use. This made con- 
trol of her ventilation much more difficult. Possible 
mechanisms for the failure of pancuronium to produce 
muscle paralysis are proposed. Clinicians should con- 
sider the possibility of resistance developing to mus- 
cle relaxants so that other modes of managing ven- 
tiation can be planned. 


Francis F. Foldes, MD., provided helpful suggestions and reviewed 
the manuscript. 
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Cardiac Arrest in a Child with an Anterior Mediastinal Mass 


H. Levin, MB, BCh, S. Bursztein, MD, and M. Heifetz, MD 


Mediastinal masses cah occasionally cause compres- 
sion and obstruction of the trachea and main bronchi 
(1-4). They may cause superior vena cava obstruction 
(5,6), cardiac compression, and, rarely, mechanical 
compression on the pulmonary artery (7). 


Case Report 


A six-yr-old boy was admitted complaining of general 
malaise, loss of weight, and shortness of breath. His 
mother said that when he was in the supine position, 
the child became blue. The child had had no prior 
hospital admissions and apparently had been well 
previously. 

On examination in the supine position, he was dys- 
pneic arid mildly cyanotic. His neck veins were mod- 
erately distended. His face was not swollen, and his 
eyes did not bulge. A few immobile cervical lymph 
nodes were palpable in his neck. Examination of the 
upper airway and chest were essentially normal, with 
no signs of obstruction, and both lung fields were 
clear. When he sat up, the child improved markedly. 
Chest x-ray showed a large anterior mediastinal mass. 
Tomography was not performed. Blood count was 
normal. Hodgkin’s type lymphoma was the pre- 
suinptive diagnosis, and the child was scheduled for 
a cervical lymph node biopsy to make a definitive 
diagnosis. He was premedicated with 40 mg of me- 
peridine and 0.2 mg of scopolamine 45 min before 
arriving in the operating room. When examined in 
the operating room, the child was sedated, supine, 
mildly cyanotic, and obviously hyperpneic. The lungs 
appeared normal. 

He was preoxygenated for 5 min before being ad- 
ministered 100 mg of thiopental and 20 mg of succi- 
nyldicholine. Tracheal intubation was performed 
without difficulty. In spite of the administration, of 
100% O, the child remained cyanotic. The position 
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of the tracheal tube and lung fields were reexamined. 
There were good breath sounds in both lungs. After 
approximately 5 min he started breathing sponta- 
neously, and his color improved. Halothane, 0.5%, 
was added to the oxygen. His respiration was assisted 
(not controlled) throughout the procedure. The lymph 
node was removed without difficulty. The child was 
now breathing spontaneously. The tracheal tube was 
removed, but within a very short period he became 
deeply cyanotic and hyperpneic. Bradycardia devel- 
oped. He was immediately reintubated and ventilated 
with 100% O2. Atropine was given but had no affect. 
Blood pressure was unrecordable. Again breath sourids 
in both lungs were good. In spite of further atropine 
and isoproterenol, cardiac arrest occurred. All resus- 
citory measures, including external cardiac massage, 
intracardiac epinephrine, bicarbonate, calcium glu- 
conate, and isoproterenol, proved ineffective. We de- 
cided to open the chest and to perform open massage. 
Immediately upon opening of the chest and upon 
further injection of epinephrine, the heart restarted. 
His color became pink, and his blood pressure quickly 
rose to 80 torr. His pupils, however, remained widely 
dilated and nonreactive. The chest was closed in the 
usual manner and a left underwater drain was in- 
serted into the pleural cavity. He had a PaO, of 99.5 
mm Hg (Fio, 1.0). He showed signs of spontaneous 
respirations but remained unconscious. He was trans- 
ferred to the intensive care unit where he was ven- 
tilated using a volume cycled MA.1. ventilator. For 2 
hr there was no change in his condition: blood pres- 
sure, 80 torr; pulse, 130 beats/min; Pao, 96 mm Hg; 
Paco, 37 mm Hg; pH, 7.37. He passed no urine. 
Cardiac arrest suddenly occurred again and, in spite 
of all resuscitory measures, he died 3 hr after the 
initial arrest. | 

On postmortem examination, a large anterior me- 
diastinal mass was found. This proved to be a Hodg- 
kin’s lymphoma. The mass impinged upon but did 
not compress the trachea. It also compressed the main 
pulmonary artery. On dissection of the trachea, it was 
found to be patent with no signs of compression from 
the external mass. 


1130 ANESTH ANALG 
1985;64:1129-30 


Discussion 


In reviewing this case, we had great difficulty in un- 
derstanding why, in spite of a well-controlled airway 
and good ventilation we were unable to oxygenate 
the child. Clinically, the child did not have a full- 
blown superior vena cava syndrome, although the 
pulmonary artery was compressed by tumor mass. 
Dyspnea and intolerance of the supine position (1,5-8) 
may result from compression of the airway by me- 
diastinal masses. However, we were able to ventilate 
the lungs of this patient easily. 

Postmortem examination showed that there was 
no pressure on the trachea but some compression on 
the pulmonary artery. We therefore suggest that, when 
the child was in the supine position, the tumer mass 
increased compression on the pulmonary artery and 
perhaps the heart, causing an effective and massive 
decrease in the right ventricular output. When the 
child was in the sitting position, compressien was 
decreased and the effective pulmonary flow in- 
creased. We treated the child in the supine position 
with positive pressure ventilation, which possibly fur- 
ther aggravated his condition. This may be explained 
by the fact that the pressure not only was on the 
pulmonary arteries but also was compressing the heart. 
One would expect an acute dilatation of the right side 
of the heart if the obstruction was affecting the pul- 
monary arteries. This can be partially relieved by pos- 
itive pressure ventilation, decreasing the venous re- 
turn; nevertheless pulmonary flow oxygenation will 
not improve. 

Several authors (1,2,4,5,9) have described the prob- 
lems that occur secondary to compression of the tra- 
chea or bronchi. They emphasize the importance of 
spontaneous ventilation, the sitting position (8,9), and 
preoperative irradiation, massive steroid therapy, or 
both to prevent life-threatening airway complications. 
The anesthetist has, of course, to be aware of the 
serious danger of air embolism when a patient is in 
the sitting position and about to undergo surgieal pro- 
cedures on the neck. 

Unlike the superior vena cava syndrome, the pul- 
monary trunk and main bronchi are more or less en- 
circled by the aortic arch, rendering them less vul- 
nerable to external compression. Therefore, the 
complication encountered in the present case, al- 
though described, is rare. 

In 1975, Hall and Friedman described a child with 
a large anterior mediastinal mass in whom incuction 
of anesthesia was impossible on two occasicns be- 
cause of the development of deep cyanosis. Subse- 
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quently they utilized an extracorporeal membrane ox- 
ygenator to maintain oxygenation during induction 
and anesthesia, and immediately upon removal of the 
tumor, the child was able to oxygenate himself with- 
out assistance from the pump. In their article, Hall 
and Friedman postulate that the tumor mass com- 
pressed the pulmonary artery. They suggested that 
spontaneous ventilation maintained the patency of 
the pulmonary arteries, perhaps because negative 
pressure was maintained during inhalation. 

The present case demonstrates that not all cases of 
cyanosis in the presence of anterior mediastinal masses 
are due to compression of the airway, but may well 
be due to cardiovascular compression with a decrease 
in right ventricular output, thus preventing adequate 
oxygenation. Suggested management includes a thor- 
ough preoperative cardiovascular evaluation. If there 
are cardiovascular problems, local anesthesia should 
be tried if at all possible (4,8). Alternatively, preop- 
erative irradiation, massive steroid therapy, and anes- 
thesia in the sitting or even face-down position is 
advised. Spontaneous and noncontrolled ventilation 
(5,8) should be instituted if at all possible. Should 
these not be sufficient, then utilization of extracor- 
poreal oxygenation may be warranted. 

The patient with an anterior mediastinal mass pre- 
sents specific problems that should be thoroughly 
evaluated before submitting the patient to a general 
anesthetic. 


References 


1. Todres IP, Reppelt SM, Walker PF, Griero AC. Management of 
critical airway obstruction in a child with mediastinal tumor. 
Anesthesiology 1976;45:100-2. 


Po 


Amaha K, Okutsu Y, Nakamura Y. Major airway obstruction 
by mediastinal tumor. Br ] Anaesth 1973:45:1082—4. 


3. Lokich JJ, Goodman R. Superior vena cava syndrome. Clinical 
management. JAMA 1978;231:58-61. 

4. Stanley TH, Weidauer HE. Anesthesia for the patient with car- 

diac tamponade. Anesth Analg 1973;52:110-4. 

Neuman GG, Weingarten AE, Abramowitz RM, Kushing LG, 

Abramson AL, Ladner W. The anesthetic management of the 

patient with an anterior mediastinal mass. Anesthesiology 

1984 ;60:144—7. 

6. Bray RJ, Fernandes FJ. Mediastinal tumor causing airway ob- 
struction in anaesthetized children. Anaesthesia 1982;37:571-5. 


S44 


~J 


Hall KD, Friedman M. Extracorporeal oxygenation for induction 
of anesthesia in a patient with an intrathoracic tumor. Anes- 
thesiology 1975;42:493-5. 


8. Mackie AM, Watson CB. Anaesthesia and mediastinal masses. 
Anaesthesia 1984:39:899—903. 

9. Keon TP. Death on induction of anesthesia for cervical node 
biopsy. Anesthesiology 1981;55:471-2. 


ANESTH ANALG 1131 
1985;64: 1131-3 


Hepatic Necrosis Associated with Herpes Virus after 


Isoflurane Anesthesia 


Nancy A. Fisher, MD, Robert T. Iwata, MD, Edmond I. Eger Il, MD, and 


Edward A. Smuckler, MD 


Severe injury of the liver after anesthesia may be at- 
tributed to anesthesia, especially in the absence of 
other documented causes of hepatic damage. Attri- 
bution of the injury to the anesthetic is more likely 
aiter anesthesia with a halogenated agent because of 
the known hepatotoxicity of some halogenated an- 
esthetics such as chloroform. However, another cause 
of injury is viral infection, a cause that often is difficult 
to document (e.g., non-A, non-B hepatitis). We pres- 
ent a case of severe hepatic injury in which isoflurane 
was considered a possible cause. This diagnosis was 
later discarded because of the discovery of invasion 
of the liver by herpes virus. 


Case Report 


Qn May 13, 1984, a 62-yr-old (weight 46 kg, height 
184 cm), quadriplegic man presented with acute pain 
of the right upper quadrant and flank. Quadriplegia 
had resulted trom poliomyelitis at age 28. Despite this 
condition, the patient had been in good health and, 
with assistance, had been able to care for himself. He 
had no allergies. He had undergone several opera- 
tons, all before 1950. There was no history of jaundice 
or liver disease. On admittance to the hospital, the 
patient was nauseated, diaphoretic, and mildly febrile 
(37.6°C). Physical examination was unremarkable ex- 
cept for a pectus excavatum and muscle wasting sec- 
ondary to poliomyelitis. 

Right ureteral obstruction and cholelithiasis were 
demonstrated by x-ray. Chest x-ray was normal, and 
ECG revealed only a right bundle branch block. Ex- 
cept for a leftward shift of the white cells, other lab- 
oratory data were normal (Table 1). The patient was 
considered to be ASA physical status II. 
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On May 15, after the patient was premedicated 
with 0.4 mg of atropine, anesthesia was induced with 
250 mg of thiopental. Atracurium (30 mg) was given 
to facilitate tracheal intubation, and ventilation was 
controlled. Anesthesia was maintained with nitrous 
oxide (2 L/min), and oxygen (1 L/min), to which 2% 
and then 1-1.25% isoflurane was added. Atracurium 
(10 mg) was given to facilitate closure of the abdomen, 
and reversal of neuromuscular blockade was accom- 
plished with 30 mg of edrophonium and 0.8 mg of 
atropine. 

A right transperitoneal ureterolithotomy plus cho- 
lecystectomy with cholangiograms were accom- 
plished in about 2 hr (duration of anesthesia, 150 min). 
Blood loss was estimated at 100-300 ml, and no blood 
was given in the perioperative period before devel- 
opment of hepatic injury. Intraoperative blood pres- 
sures were 90-105/65-75 mm Hg. There were no dif- 
ficulties with surgery except for dilation of the colon 
that hindered closure of the abdomen. Cultures of the 
gallbladder and bile did not reveal growth of bacteria. 

Recovery initially was uneventful except for ileus 
and abdominal distension managed with enemas and 
drainage through a rectal tube, and transient hypo- 
natremia (118 mEq/L) thought to be due to the ene- 
mas, nasogastric suction, and hyperalimentation. Peak 
daily temperatures for the first three postoperative 
days were 38.4°C, 37.8°C, and 38.0°C. On day 4, tem- 
perature increased to a peak of 38.8°C and for the next 
several days exceeded 39.0°C despite therapy with 
cefoperazone and amikacin. A chest x-ray and Pao, 
value of 58 mm Hg suggested the presence of atelec- 
tasis or pneumonia. No growth was obtained from 
several cultures of blood. Ultrasound examination of 
the abdomen gave equivocal evidence of abscess 
formation. 

The patient vomited on day 6. On day 9 (May 24) 
the ileus present initially gave way to diarrhea, which 
persisted to the day of the patient’s death. Blood drawn 
on day 9 demonstrated hepatic injury (Table 1). Hy- 
potension and diaphoresis occurred on day 10. On 
day 11, the patient became lethargic and subsequently 
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Table 1. Blood Variables and Temperature Changes 











Total 

Postoperative WBC Segs Eos bilirubin GGT LDH SGOT Peak 
day (per mm `?) (%) (%] (mg%) (IU) (IU) (U) temp (°C) 

=i 9900 83 2 0.8 21 150 26 37.6 

6 9300 83 0 — — — — 39.5 

9 8200 84 0 0.5 102 > 600 > 500 39.2 

11 6500 85 0 == — — = 39.3 

13 5600 65 0 Le 207 > 600 > 500 39.4 


intranuclear inclusions were consistent with herpes 
viral infection. 

Accordingly, formalin-fixed hepatic tissue was cut 
into small cubes of less than 1 mm to a side. The 
cubes were fixed in 2% osmium tetroxide, embedded 
in epoxy resin, and sectioned. The sections were stained 
with uranyl acetate and lead citrate and were exam- 
ined in a JEOL 100-S microscope at an accelerating 
voltage of 70 kvs. The resulting electron micrographs 
showed viral particles having morphological charac- 
teristics consistent with herpes virus (Fig. 1). Im- 
munoperoxidase staining of liver sections suggested 
type I herpes virus. 


Discussion 


Before the postmortem discovery of herpes virus in- 
vasion of the liver, we considered the possibility that 
isoflurane had contributed to the development of he- 
patic necrosis in this patient. Many of the supposed 
features of “halothane hepatitis” were present: fever, 
anorexia, vomiting, and the development of liver dys- 
function soon after anesthesia in a patient whose pre- 
operative serum transaminases were normal. Absent 
as supporting features were previous exposure to a 


Figure 1. Electron micrograph of postmortem specimen at a mag- halogenated anesthetic, atopy, eosinophilia, rash, 
nification of 50,000 showing viral particles in various stages of chills, and jaundice : 

development within the nucleus of a degenerative liver cell. The í h J e , 
unfilled circles are immature or incomplete viral particles; filled We believe this is the first report of herpes-virus- 


black circles with a halo are mature viral particles. The particles induced necrosis of the liver after anesthesia with 
are morphologically consistent with a herpes-type virus. isoflurane. Our patient was similar in several ways to 

a patient given enflurane anesthesia who subse- 

quently had massive hepatic necrosis secondary to 
comatose. Platelet count decreased to 81,000 on invasion of the liver by herpes virus (1). Both patients 
the next day, and evidence of diffuse intravascular underwent long, intraabdominal procedures with ini- 
coagulopathy and bleeding at several sites oceurred. tially uneventful postoperative courses. Both had signs 
Despite transfusion of blood components, bleeding of severe gastroenteritis with vomiting and diarrhea 
and hypotension persisted. The patient died on in association with high temperatures. Neither patient 





day 14. had eosinophilia or became jaundiced despite severe 
Autopsy did not reveal a major source of infection. hepatic injury. 

The most significant findings were diffuse hepatic ne- One difference between our patient and the patient 

crosis with ascites and bilateral pleural effusions. Light given enflurane is that the latter patient had also been 

microscopy of the liver revealed hyaline and intra- given chemotherapy for Hodgkin’s disease and thus 


nuclear inclusiorts that were brightly eosinophilic. The might have had decreased immunocompetence. Our 
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patient had no obvious reason for decreased immu- 
nocompetence. Indeed, his attending physicians noted 
the rarity of the occurrence of herpes hepatitis in a 
patient whose immunocompetence is not compro- 
mised. 

We cannot say whether isoflurane affected our pa- 
tient’s ability to produce an immune response. At 0.2 
MAC, isoflurane, enflurane, and halothane all inhibit 
replication of measles virus by 50% and thus might 
be thought to protect against viral infection (2). At 
anesthetizing or higher concentrations, isoflurane does 
not inhibit neutrophil function, whereas enflurane does 
(3). Neither isoflurane nor enflurane inhibits phago- 
cytosis (4). 

Our patient also received nitrous oxide. Unlike iso- 
flurane, nitrous oxide inactivates methionine synthe- 
tase in the livers of mice (5) and humans (6). Inacti- 
vation of methionine synthetase by nitrous oxide 
impairs the formation of DNA in humans (7). Pro- 
longed administration of nitrous oxide to humans can 
markedly decrease plasma levels of neutrophils and 
platelets, and death from sepsis may result (8). Shorter 
periods of exposure produce similar but more subtle 
changes in neutrophils (9). 

The effect of nitrous oxide on white cell function 
is unclear. Cullen (10) found no effect of 30 min of 
80% nitrous oxide on in vitro phagocytosis by human 
leukocytes. On the other hand, Nunn and O’Morain 
(11) found that nitrous oxide inhibited neutrophil mo- 
tility and chemotaxis whereas halothane did not. 
Moudgil et al. (12) also found that nitrous oxide in- 
hibited neutrophil (and monocyte) chemotaxis, but 
isoflurane did not. The results of these in vitro studies 
appear to differ from those conducted on leukocytes 
from surgical patients exposed to nitrous oxide: such 
exposure appears to increase random migration (13) 
and chemotaxis (14). Finally, the in vitro ability of 
lymphocytes (from patients with cancer) to kill tumor 
cells appears to be decreased after such patients have 
been given nitrous oxide (15,16). 

In summary, we describe a patient who had mas- 
sive hepatic necrosis after anesthesia with isoflurane 
and nitrous oxide. Invasion of the liver by herpes 
virus was the immediate cause of injury to the liver. 
Whether isoflurane or nitrous oxide contributed to a 
decrease in immunocompetence and thus increased 
vulnerability to viral attack remains unknown; how- 
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ever, the rarity of such reports suggests that immu- 
nocompetence remains adequate in the vast majority 
of patients given isoflurane and nitrous oxide. 
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Loss of Radial Artery Pressure Trace During Internal Mammary 
Artery Dissection for Coronary Artery Bypass Graft Surgery 


John B. Kinzer, MD, Peter R. Lichtenthal, MD, and Leonard D. Wade, MS 


Coronary artery bypass graft (CABG) surgery for the 
treatment of ischemic heart disease was introduced 
in 1967 and has since become one of the most widely 
performed surgical procedures. Grafting has been 
performed using either autologous veins (generally 
the saphenous) or arteries (generally the mternal 
mammary). In both early and long-term comparative 
studies (1-5), patency rates of internal mammary ar- 
tery (IMA) grafts are clearly better than saphenous 
vein grafts. These recently reported results have led 
to increased use of IMA grafts for CABG surgery at 
our institution. However, we have encountered a re- 
curring monitoring problem that is related not to 
equipment malfunction but rather to distortion of nor- 
mal anatomy. We describe a case in which we lost 
the capability to monitor systemic blood pressure via 
the radial artery during IMA dissection. 


Case Report 


A 67-yr-old, 76-kg man was scheduled for a two- 
vessel coronary artery bypass graft procedure with 
the use of the left internal mammary artery. Past med- 
ical history included an inferior wall myocardial in- 
farction 24 months prior to admission, angina pectoris 
over the past year, and non-insulin-dependent dia- 
betes mellitus over the past 10 yr. Previous surgery 
consisted of a cataract extraction under loca’ anes- 
thesia without complications. Medications included 
nifedipine, nadolol, and tolbutamide. He denied any 
drug allergies. His alcohol consumption was minimal, 
and he had stopped smoking 16 yr before. His phys- 
ical examination was unremarkable. Allen’s test re- 
vealed good bilateral ulnar arterial collateral flow. Pre- 
operative laboratory values were within normal limits. 

The patient was premedicated with scopolamine, 
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0.4 mg, and morphine sulfate, 10 mg, intramuscularly 
2 hr before surgery started. He arrived in the oper- 
ating room well sedated. A blood pressure cuff was 
placed on the left arm, and pressures were recorded. 
A 20-g catheter was inserted percutaneously into the 
left radial artery at the wrist with no difficulty. A 
pulmonary artery catheter was placed via the right 
internal jugular vein. Catheters were utilized for in- 
vasive monitoring of pressure and for obtaining blood 
samples. Before induction of anesthesia, both arms 
were placed at the patient’s sides with no change in 
the blood pressure tracing. After preoxygenation, 
anesthesia was then induced with 10 mg intravenous 
diazepam. Atraumatic endotracheal intubation was 
facilitated with intravenous pancuronium and lido- 
caine. Anesthesia was maintained with halothane in 
oxygen—alr. 

A Favaloro self-retaining sternal retractor was used 
to lift the left side of the chest wall for better exposure 
of the internal mammary artery. After application of 
the retractor and during the dissection of the IMA, 
the systemic blood pressure waveform became more 
and more damped, until finally it appeared to be com- 
pletely damped (Fig. 1). Suspecting that a mechanical 
problem caused catheter occlusion, we attempted to 
flush the arterial catheter. To our surprise, the cath- 
eter flushed without difficulty and blood could be 
aspirated with ease. However, the waveform still did 
not improve. Repositioning of the patient's left hand 
and checking the transducer produced no change in 
the waveform. We were unable to hear Korotkoff 
sounds using a blood pressure cuff on the left arm. 
After switching the cuff to the right arm, we were 
able to obtain blood pressure measurements. 
Throughout the episode, a normal pulmonary artery 
trace was evident and remained unchanged, sug- 
gesting that the patient’s hemodynamic conditions 
were not deteriorating. With eventual release of the 
sternal retractor, an apparently normal pulsatile left 
radial artery pressure trace promptly returned (Fig. 
2). Although the pressure was low, it responded im- 
mediately to fluid challenge. The remainder of the 
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Figure 1. Slow-speed tracing of left radial artery pressure and pul- 
monary artery pressure. Notice that the radial artery pressure slowly 
decreases. Arrows denote periods of flushing and aspirating the 
radial artery catheter (paper speed, 0.25 mm/sec). 
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intraoperative course was uneventful, and there was 
no evidence of neural or vascular injuries post- 
operatively. 


Discussion 


Past experience has shown that problems with mea- 
suring blood pressure can often be traced to the mea- 
suring system. A large number of these problems 
are mechanical in nature, such as catheter occlusion 
due to kinking or thrombus formation, improper con- 
nections, and air bubbles in the fluid-filled 
tubing/transducer system (6,7). On occasion, prob- 
lems also arise from electronic failure of transducers 
or amplifiers (8). Unfortunately, we also must con- 
sider user errors caused by careless mistakes or in- 
adequate operating knowledge of the equipment being 
used (9). While the pool for potential technical prob- 
lems in measurement of blood pressure is large, the 
possibility cannot be overlooked that the equipment 
is indeed functioning properly, and a blood pressure 
appearing abnormal and inaccurate may, in fact, be 
abnormal and accurate. As new techniques and pro- 
cedures are implemented during surgery, we must 
always be alert to how these new techniques affect 
the patient and our normal monitoring scheme. 

We report a case in which the chest retraction nec- 
essary for IMA dissection produced erroneous pres- 
sure readings and eventually total loss of our ability 
to monitor systemic arterial pressure invasively. Since 
then, this problem has occurred numerous times with 
other patients at our institution. The usual methods 
for correcting a “dampened” waveform (e.g., flushing 
of the arterial cannula, aspiration of blood, positional 
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Figure 2. Normal-speed tracing of left radial pressure and pul- 
monary artery pressure. Arrow indicates the release of the retractor 
(paper speed, 25 mm/sec). 


changes of the cannula, transducer errors) did not 
resolve the problem for any of the cases. Also, im- 
portantly, a cuff blood pressure was unobtainable on 
the side on which the IMA dissection was being per- 
formed. The failure of all these methods indicates that 
all aspects of the monitoring system were furictioning 
properly. The pressure trace returned only with the 
removal of the chest wall retractor, which reestab- 
lished adequate flow to the left extremity. 

Because the origin of the IMA is from the proximal 
portion of the subclavian artery, the retraction and 
dissection of the IMA probably caused tension to de- 
velop at the juncture within the subclavian artery. 
This would decrease blood flow through the subcla- 
vian artery with subsequent loss of the radial artery 
pressure trace. This diminished blood flow also would 


account for the inability to auscultate a cuff blood 


pressure from that arm, because of the decreased or 
absent Korotkoff sounds. 

Although utilization of the IMA for CABG surgery 
is not new in a chronological sense, it was definitely 
a new procedure to us and possibly to other institu- 
tions where saphenous vein grafts were usually used. 
A similar incident of erroneous pressure readings 
caused by retraction of the chest during IMA dissec- 
tion was reported in 1976 (10). Since that time, use of 
the IMA graft for CABG surgery had lost popularity 
while saphenous vein grafts became more and more 
commonplace. The recently reported favorable results 
with IMA graft patency has caused cardiac surgeons 
to use this technique once again. Consequently, an 
old procedure suddenly has been transformed into a 
new procedure for many of us. Anesthesiologists must 
be prepared to cope with the potential problems ac- 
companying this procedure. 

We recommend that if the IMA is to be used for 
coronary artery bypass grafting, the radial artery can- 
nula be placed on the contralateral extremity in order 
to assure adequate blood pressure monitoring. 
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The New Ohmeda Biox 3700 Pulse Oximeter. 
Because hypoxemia is an SaO, problem. 
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Why oximetry. Why Ohmeda. work. The 3700 has a battery 

A drop in arterial blood Now, the Ohmeda Biox 3700 backup, for easy transport and 
oxygenation (SaO.) calls for Pulse Oximeter helps you in the emergency power support. And 
quick and effective action. prompt detection of hypoxemia. its three types of probes make 
Especially in anesthesia, where Continuous, reliable and the 3700 ideally suited for any 
oxygen starvation can jeopardize non-invasive, only the 3700 patient. 

your patient's safety. Only shows you a plethysmographic So, prevent minor procedures 
oximetry provides the means for waveform—plus SaO; trending from becoming major hypoxic 
direct and efficient monitoring of of the past 20 or 60 minutes. Both crises. Rely on the Ohmeda Biox 
SaOQ2—giving you the crucial visual and audible indicators 3700. It's the confident response 
time needed to prevent clinical continuously inform you of your to the critical demands of 
complications. patient’s SaO; condition as you anesthesia. 

Ohmeda i sI 
Ohmeda 

4765 Walnut Street 3 


Boulder, Colorado 80301 1800 652 2469 
A Division of The BOC Group, Inc. 


BOC Health Care 
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60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.'” 


e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.” 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 »g/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 


(15 pg/kg)."” 


e May be the reversal agent of choice for atracurium and vecuronium 
'...compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and.. .antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.’” 


“Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’” 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. 
Br J Anaesth 56:453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982. 


Please see use information on next page. 
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Enlon (edrophonium chloride injection, USP) 


60-second reversal of neuromuscular blockade 


DESCRIPTION 

ENLON iedrophonium chloride injection. USP} is a rapid acting cholinergic 
(cholinesterase inhibitor}, Chemically edrophonium chloride is ethyl! 
(m-hydroxypheny}!) dimethylammonium chloride and its structural formula is: 


~ CH.CH 7 , 
r > i 
C -— N — (CHa, i” 
i t 
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ENLON contains in each mL of sterile solution: 

(vial) 10 mg edrophonium chloride compounded with 0.45% phenol and 02% sodium 
sulfite as preservative, buffered with sodium citrate and citric acid. Ks pH is adjusted 
to approximately 5.4 


CLINICAL PHARMACOLOGY 

ENLON (edrophonium chloride injection, USP} activates neuromuscular transmission 
primarily by inhibiting or inactivating acetyichclinesterase. By inactivating the acetyl- 
cholinesterase enzyme, acetylcholine is not hydrolyzed by acetyicholinesterase and 
is thereby allowed to accumulate. The accumulation of acetylcholine at the sites of 
cholinergic transmission facilitates transmission of impulses across the myoneural 
junction. 


INDICATIONS AND USAGE 

ENLON iedrophonium chloride injection. USP} is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurasine, metocunne, 
atracurium, vecuronium, or pancuronium. it is not effective against depolarizing 
relaxants such as succinylcholine and decamethonium. It is alse useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage. 
ENLON is recommended for use in the differential diagnosis of myasthenia gravis. 
it may also be used as an adjunct to evaluate treatment requiremen's of the disease, 
and for evaluating emergency treatment in myasthenic crisis. It is net recommended 
for maintenance therapy in myasthenia gravis. 


CONTRAINDICATIONS 
ENLON (edrophonium chloride injection, USP} is not to be used in patents with known 
hypersensitivity to anticholinesterase agents. or in patients having urinary obstruc- 
tions of mechanical type. 


WARNINGS 


It is recommended that 1 mg atropine sulfate should be made availabe for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial asthma or 
cardiac dysrhythmias Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following administration 
af edrophonium chloride have been reported. It is postulated that these are vagotonic 
effects. 


PRECAUTIONS 

General: As with any antagonist of nondepolarizing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtained 
prior to discontinuation of respiratory assistance Should a patent develop 
“anticholinesterase insensitivity” for brief or prolonged periods, thy patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or withheld 
until the patient again becomes sensitive to them. 

Drug Interactions: The drug should not be administered prior to the administration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness wno are also on 
anticholinesterase drugs. Anticholinesterase overdosage (cholinergic crisis) symptoms 
may mimic underdosage (myasthenic weakness) so the use of this dug may worsen 
the condition of these patients (see OVERDOSAGE section for treaument). 
Pregnancy Category C: It is not known whether ENLON (edropkonium chioride 
injection, USP) can cause fetal harm when administered to a pregnant woman of can 
affect reproduction capacity, since there have been no adequate ans well controlled 
studies in humans. 

Labor and Delivery: The effect of ENLON on the mother ans fetus, on the 
duration of labor or delivery, on the possibility that forceps delivery cr other interven- 
tion or resuscitation of the newborn will be necessary is not known. The effect of the 
drug on the later growth, development and functional maturation ofthe child is also 
unknown. 

Nursing Mothers: The safety of ENLON during lactation in humass has not been 
established. 


ADVERSE REACTIONS 

A patient in myasthenic crisis, being treated with ENLON (edropkonmium chionde 
injection, USP) should be observed for bradycardia or cardiac standstil and cholinergic 
reactions if an overdosage is given. Reactions common to anticholimesterase agents 
such as edrophonium chioride are: 

Cardiovascular: arrhythmias (especially bradycardia), fall in ouput leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngospasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia, 

Gastrointestinal: nausea, vomiting, iricreased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps: 

Musculoskeletal: weakness and fasciculations: 

Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
pupillary constriction, diplopia, and conjunctival hyperemia. 


eo 


OVERDOSAGE 


Muscarine-like symptoms (nausea, vomiting. diarrhea. sweating, increased bronchial 
and salivary secretions and bradycardia} may appear with overdosage (cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP) but may be managed by the 
use of atropine. Obstruction of the airway by bronchial secretions can arise and may 
be managed with suction (especially if tracheostomy has been performed) and by the 
use of atropine. Signs of atropine overdosage such as dry mouth, flush and tachycar- 
dia should be avoided as tenacious secretions and bronchial plugs may form. Should 
edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2. Monitor cardiac function. 
Appropriate measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 


eve ene adult intravenous injection for antagonism of neuromuscular 
ock: 

Administer 1 mL (16 mg) slowly within a period of 30 to 45 seconds, the dosage may 
be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is manifest 
within 30 to 60 seconds after injection. Response should be monitored carefully and 
assisted ventilation should always be employed. When given to counteract muscle 
relaxant overdosage, the dose effect on respiration should be observed prior to repeat 
dosages and assisted ventilation should be employed. 


ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 


Adults: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg} of ENLON and 
an intravenous needle; intravenously inject 0.2 mL (2 mg) within 15 to 30 seconds. 
The needie should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness} occurs, discontinue 
test and intravenously administer 0.4 mg to 6.5 mg atropine sulfate. Inject the remain- 
ing 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may be repeated 
after one-half hour 

Intramuscular Dosage: Intramuscularly inject 1 mL (10 mg) of ENLON. If hyperreac- 
tivity (cholinergic reaction) is demonstrated, retest the patient after one-half hour with 
another intramuscular injection of 0.2 mL (2 mg) ENLON. This will eliminate the 
possibility of false-negative reactions. 


Children: 

Intravenous dose in children weighing up to 75 pounds: 

intravenously inject 0.1 mb (1 mg} ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL {1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 05 mL ( mg}. The recommended dose in infants is 
6.05 mL (0.5 mg). 

Intravenous dose in children weighing above 75 pounds: 

Intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a Maximum total dose of 1 mL {10 mg). 

Intramuscular Dose: Intramuscularly inject 0.2 mL (2 mgj ENLON in chidren weighing 
up to 75 pounds; above this weight, the dose is 0.5 mL (5 mg). All signs of hyperreac- 
uvity (cholinergic reaction} noted in the intravenous test will be demonstrated in the 
intramuscular test; however. there is a two to ten minute delay before reaction. 


ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dose of ENLON should follow one hour after oral intake of the drug being 
used to treat the disease. The recommended dose is 0.1 mL to 0.2 mL (1 mg to 2 mg) 
administered intravenously. Response to ENLON test dose in treated myasthenic 
patients is summarized as follows: 

Undertreated patient: Myasthenic response; characterized by increased muscle 
strength (ptosis, diplopia. dysphonia, dysphagia, dysarthria, respiration, limb strength). 
This indicates inadequate treatment of the myasthenic condition. 

Controlled patient: Adequate response; characterized by no change in muscle strength 
with minimal side reactions (lacrimation, diaphoresis, salivation, abdominal cramps, 
nausea, vomiting, diarrhea). Fasciculations {orbicularis oculi, facial muscies, umb 
muscles} may or may not occur. The response indicates that therapy is stabilized. 
Overtreated patient: Cholnergic response; characterized by decreased muscle strength 
and severe side reactions. Fasciculations may be observed. This response occurs In 
myasthenics who have been overtreated with anticholinesterase drugs. 


ENLON jedrophonium chloride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory distress 
with inadequate ventilatery exchange, and unpredictable response to medication. H 
the patient is apneic, achieve ventilatory exchange immediately to avoid cardiac 
arrest and irreversible central nervous system damage. 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered. Whereas, 
upon administration of ENLON the myasthenic patient will demonstrate improved 
respiration and can be given additional medication. To perform the test prepare a 
syringe with 02 mL {2 mg) ENLON and intravenously inject 0.1 mL (1 mg). The 
patient's cardiac and respiratory actions should be observed for change. The remain- 
ing 0.1 mL (1 mg) may be injected after one minute if no response is noted. If, after 
the entire 0.2 mL (2 mg) dose has been injected, no improvement in respiration occurs, 
discontinue all anticholinesterase drugs. Controlled ventilation can be achieved by 
tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (edrophonium chioride injection, USP): 
NDC 10019-873-15 15 mL multidose vials. 2-85 
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Rapid relief of anxiety and apprehension 


Anxiety is an extremely common reaction to the stress of 
anesthesia and surgery. Often at its most acute stage in the 
minutes just before induction, anxiety may even affect 

the outcome of the surgical procedure.’ 

To relieve anxiety promptly and predictably, no agent is 
more effective than Injectable Valium® (diazepam/Roche) LY. 
Within minutes after an LV. injection,** most patients 

become noticeably calmer, sedated yet easily aroused if 
necessary. This response is prompt and predictable—just 
the kind you want in the anxious moments before surgery. 
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Rarely compromises cardiac or respi- 


ratory function Injectable Valium rarely produces clini- 
cally significant alterations in basal circulatory parameters.*® 
In a series of 16,000 patients, apnea occurred in only three 
patients given Injectable Valium intravenously.’ However, 
caution should be taken when administering the agent to 
elderly or debilitated patients with limited pulmonary re- 
serve. Resuscitative equipment should be available for all 
patients, and narcotics should be reduced by one-third 
or more; in some cases they may be eliminated. 
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to diminish recall 


Diminishes recall of unpleasant or 


painful procedures When patients have vivid 
memories of invasive procedures, they may be less 
than willing to undergo such procedures again, even 
if they are medically necessary.°? Recall of proce- 
dures such as endotracheal intubation can be dimin- 
ished by the rapid-acting amnesic effect of Injectable 
Valium (diazepam/Roche) I.V. Anterograde amnesia 
usually begins within three minutes after a single LV. 
injection, peaks within ten minutes and lasts for 20 
to 60 minutes. 1°" 

This predictable pattern of action distinguishes 
Injectable Valium from other agents that can produce 
amnesia and sedation. Other agents can take 15 to 
30 minutes to achieve the desired effect, and the 
effects may last for 24 hours or more.* However, 
patients should be warned about driving or perform- 
ing other potentially dangerous activities after receiv- 
ing Injectable Valium. 





Easily titrated for desired effect The com- 
pact 10-mg prefilled syringe makes individualized 
titration of Injectable Valium (diazepam/Roche) 
simple because there is convenient, easily readable 
milligram calibration on both sides of the barrel. 
And unlike other injectable agents, Injectable Valium 
needs no reconstitution before administration and 
no refrigeration during storage. Do not mix or dilute 
Valium with other drugs or solutions. Administer slowly 
in a large vein or through the infusion line as close to 
the vein insertion site as possible. 

Injectable Valium. In a class by itself for rapidly 
relieving anxiety and diminishing recall. 


Prompt 
Predictable 


INJECTABLE 


VALIUM! 


diazepam/Roche“ 


Ready-to-use Tel-E-Ject® disposable syringes 


2-ml ampuls, 10-ml de mg/ml 


Pe 


See next page for 
references and summary 
of product information. 
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Piease consult complete product information, a summary of 
which follows: 


indications: Management of anxiety disorders, or short-term: relief of symp- 
toms of anxiety. Anxiety or tension associated with the stressof everyday life 
usually does not require treatment with an anxiolytic. Sympte:matic relief of 
acute agitation, tremor. impending or acute delirium tremens and halluci- 
nosis due to acute alcohol withdrawal; adjunctively in: relief of skeletal mus- 
cle spasm due to reflex spasm to local pathology; spasticity caused by upper 
motor neuron disorders: athetosis; stiff-man syndrome; tetanus; status epilep- 
ticus, severe recurrent seizures; adjunctively in anxiety, tensicn or acute stress 
reactions prior to endoscopic/surgical procedures; cardioversion. 
Contraindications: Hypersensitivity, acute narrow angle glaucoma; may be 
used in patients with open angle glaucoma receiving appropriate therapy. 
Warnings: To reduce the possibility of venous thrombosis, shiebitis, local 
irritation, swelling and, rarely, vascular impairment whenvused LV: inject 
slowly, taking al least one minute for each 5 mg (1 mil) gien: do not use 
small veins, Le., dorsum of hand or wrist; use extreme care to avoid intra- 
arterial administration or extravasation. De not mix or dilute Valium with 
other solutions or drugs in syringe or infusion flask. If it is not feasible to 
administer Valium directly LV, it may be injected slowly theough the 
infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with liraited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest. concomitant 
use of barbiturates, alcohol or other CNS depressants increases depression 
with increased risk of apnea; have resuscitative facilities available. When used 
with narcotic analgesic, eliminate or reduce narcotic dosage at least 1/3, 
administer in smalt increments. Should not be administered +o patients 
in shock, coma, acute alcoholic intoxication with depression of vital signs. 
As with most CNS-acting drugs, caution against hazardous cccupations 
requiring complete mental alertness (e.g.. operating machinery, driving). 
Has precipitated tonic status epilepticus in patients treated fcr petit mal 
status or petit mal variant status. 
Withdrawal symptoms similar to those with barbiturates and alcohol have 
been observed with abrupt discontinuation after long use of excessive 
doses. Infrequently. milder withdrawal symptoms have been seported fol- 
lowing abrupt discontinuation of benzodiazepines after long, continuous 
use at high therapeutic levels. After extended therapy, graduaily taper 
dosage. 

Usage in Pregnancy: Use of minor tranquilizers during first 

trimester should almost always be avoided because of increased 

risk of congenital malformations, as suggested in several stud- 

ies. Consider possibility of pregnancy when instituting therapy: 

advise patients to discuss therapy if they intend to or do become 

pregnant. 
Not recommended for OB use. 
Efficacy/safety not established in neonates (age 30 days or less); prolonged 
CNS depression observed. In children, give slowly (up to 0.25 mg/kg over 
3 minutes) to avoid apnea or prolonged somnolence; can besrepeated after 
15 to 30 minutes. If no relief after third administration, appropriate adjunc- 
tive therapy is recommended. 
Precautions: Although promptly controlled, seizures may return: readminis- 
ter if necessary; not recommended for long-term maintenance therapy. 
if combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects-——particularly with known cempounds _ 
which may potentiate action of Valium (diazepam/Roche), Le. phenothia- 
zines, narcotics, barbiturates, MAO inhibitors, antidepressants. Protective 
measures indicated in highly anxious patients with accompanying depres- 
sion who may have suicidal tendencies, Observe usual precautions in 
impaired hepatic function; avoid accumulation in patients with compro- 
mised kidney function. Laryngospasm/increased cough reflex are possible 
during peroral endoscopic procedures; use topical anesthetic. have neces- 
sary Countermeasures available. Hypotension or muscular weakness possi- 
ble, particularly when used with narcotics, barbiturates or alcwehol. Use lower 
doses (2 to 5 mg) for elderty/debilitated. 
The clearance of Valium and certain other benzodiazepines can be delayed 
in association with Tagamet (cimetidine) administration. The clinical signifi- 
cance 6f this is unclear. 
Adverse Reactions: Drowsiness, fatigue, ataxia, venous throribosis/ 
phlebitis at injection site, confusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, vertigo, constipation, nausea, 








References; I. Johnston M: Psychol Med 10:145-152. Feb 1980. 

2. Diazepam and lorazepam in anaesthesia. Drug Ther Bull 17-19-20, 
Mar 2. 1979. 3. Conner JT et al: J Clin Pharmacol 18:285-292. May-Jun 
1978. 4. McCammon RL. Hilgenberg JC, Stoelting RK: Anesth Analg 
3239:438-441, Jun 1980. 5. Greenblatt DJ, Koch-Weser J: Am J Med Sci 
2650:261-266, Oct 1973. 6. Kumar SM, Kothary SP Zsigmond EK: Clin 
Ther 3(1).43-48, 1980. 7. Litchfield NB: Anesth Prog 29-11-17, Jan-Feb, 
1981. 8. Webberley MJ. Cuschieri A: Br Med d 285:251-252. Jul 24. 
1982. 9. Thompson DG et al: Lancet 2:469-470, Aug 30. 1980. 

10. George KA. Dundee JW: Br J Clin Pharmacol 4:45-50, Feb 1977 
11. Dundee JW, Pandit SK: Br J Pharmacol 44:140-144. Jan 1972. 
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incontinence, changes in libido, urinary retention, bradycardia, cardio- 
vascular collapse, hypotension, blurred vision, diplopia, nystagmus, urticaria, 
skin rash, hiccups, changes in salivation, neutropenia, jaundice. Paradox- 
ical reactions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
tion have been reported; should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, laryngospasm/pain in 
throat and chest have been reported in peroral endoscopic procedures. 
isolated reports of neutropenia, jaundice; periodic blood counts, liver func- 
tion tests advisable during long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mg LM. or 
LV, depending on indication and severity. Larger doses may be required in 
some conditions (tetanus). In acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 hours is usually satisfactory. Lower 
doses {usually 2 to 5 mg) with slow dosage increase for elderly or debili- 
tated patients and when sedative drugs are added. (See Warnings and 
Adverse Reactions.) 

For dosages in infants and children see below: have resuscitative facilities 
available. 

LM. use: by deep injection into the muscle. 

LV. use: inject slowly, take at least one minute for each 5 mg (1 ml) given. 
Do not use small veins, 1e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasation. Do not mix or dilute 
Valium with other solutions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium directly LV. it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Moderate anxiety disorders and symptoms of anxiety, 2 to 5 mg ILM. or LV. 
and severe anxiety disorders and symptoms of anxiety, 5 to 10 mg LM. or LV, 
repeat in 3 to 4 hours if necessary; acute alcohol withdrawal, 10 mg IM. or 
LV. initially, then 5 to 10 mg in 3 to 4 hours if necessary. Muscle spasm, in 
adults, 5 to 10 mg ILM. or IV. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary (tetanus may require larger doses): in children, administer IV 
slowly; for tetanus in infants over 30 days of age, 1 to 2 mg ILM. or LV, 
repeat every 3 to 4 hours if necessary; in children 5 years or older, 5 to 

10 mg repeated every 3 to 4 hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive seizures (IV route preferred), 
5 to 10 mg adult dose administered slowly, repeat at 10- to 15-minute 
intervals up to 30 mg maximum. Repeat in 2 to 4 hours if necessary, 
keeping in mind possibility of residual active metabolites. Use caution in 
presence of chronic lung disease or unstable cardiovascular status. infants 
(over 30 days) and children (under 5 years), 0.2 to 0.5 mg slowly every 2 to 
5 min., up to 5 mg (L\. preferred). Children 5 years plus, 1 mg every 2 to 5 
min., up to 10 mg (slow LV. preferred); repeat in 2 to 4 hours if needed. EEG 
monitoring may be helpful. 

in endoscopic procedures, titrate LV. dosage to desired sedative response, 
generally 10 rng or less but up to 20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if LV. cannot be used, 5 to 10 mg LM. approximately 
30 minutes prior to procedure. As preoperative medication, 10 mg LM.: in 
cardioversion, 5 to 15 mg LV. within 5 to 10 minutes prior to procedure. 
Once acute symptomatology has been property controlled with injectable 
form, patient may be placed on oral form if further treatment is required. 
Management of Overdosage: Manifestations include somnolence, confu- 
sion, coma, diminished reflexes. Monitor respiration, pulse, blood pressure: 
employ general supportive measures, IV. fluids, adequate airway. Hypoten- 
sion may be combated by the use of levarterenol or metaraminol. Dialysis 
is of limited value. 

Supplied: Ampuls, 2 mi, boxes of 10; Vials, 10 mi, boxes of 1 and 10; 
Tel-E-Ject® (disposable syringes), 2 mi, boxes of 10. Each mi contains 

5 mg diazepam compounded with 40% propylene glycol, 10% ethyl alcohol, 
5% sodium benzoate and benzoic acid as buffers, and 1.5% benzyl alcohol 
as preservative. 


Manufactured by Hoffmann-La Roche Inc. 


Nutley, New Jersey 07110 
Distributed by Roche Products Inc. 
® Manati, Puerto Rico 00701 


24th CLINICAL CONFERENCE 
IN PEDIATRIC ANESTHESIOLOGY 


JANUARY 24, 25, & 26, 1986 


To Be Held At The: 
Los Angeles Marriott Hotel 
For Information Write To: 


Wayne Herbert, M.D. 
Program Director 
Pediatric Anesthesiology 
Foundation 

Childrens Hospital of 
Los Angeles 

P.O. Box 54700 

Los Angeles, CA 90054 





CALIFORNIA 


Kern Medical Center, a UCLA affillated teaching 
hospital located in Bakersfield, 105 miles north of 
Los Angeles, is recruiting a chairperson. Candi- 
dates must be Board Certified; have 5 years 
clinical experience; have experience in organized 
medical staff departmental tasks; and be qualified 
for an appropriate academic appointment. 


KMC has 240 beds hospital; 16,000 annual ad- 
missions; 100,000 outpatient and 60,000 emer- 
gency visits; 3,600 obstetrical deliveries; and 
5,000 surgical cases in a variety of specialties 
including trauma. 


There is a competitive compensation package 
incorporating base salary, practice plan financial 
Incentive, and outstanding benefits. 


Send letter of inquiry with Curriculum Vitae to: 


Donald A. Lackey, M.D. 
Medical Director 
Chairman, Search Committee 
Kern Medical Center 
1830 Flower Street 
Bakersfield, California 93305 


EO/AA Employer 





THE USE OF 
FIBEROPTIC ENDOSCOPES 
IN ANESTHESIA 


A Workshop Presented By 

The Department of Anesthesia, 
Northwestern University Medical School 
and 

Veterans Administration 

Lakeside Medical Center 

Chicago, Illinois l 


DATES: Saturday, November 23, 1985; 
Saturday, March 1, 1986; 
Saturday, May 17, 1986 

SPEAKERS: Drs. R. Braunschweig, 

E. A. Brunner, 

M. H. M. Dykes, 

C. W. Joshi, 

A. Koht, T. C. Krejcle, 
E. Matthew, S. J. Yellich 


Didactic Session 


Application of flexible fiberoptic endoscopes in anes- 
thesia and critical care; physical characteristics of 
flexible endoscopes; indications, contraindications 
and possible complications of fiberoptic endoscopy; 
key points to aid in teaching and learning various 
intubation techniques. 


Practical Session 


1. Using a model of the Tracheobronchial tree, the 
participant will receive instruction conceming the 
proper handling of these instruments and through 
actual practice will improve the dexterity neces- 
sary for successful implementation. A special 
teaching station wil enable each participant to 
use a flexible endoscope to aid in gaining opti- 
mum placement of a double-lumen endobronchial 
tube. 


2. Supervised practice on intubation manikins will 
give each participant “hands-on” experience with 
various techniques for oral and nasal intubation. 
A special technique for intubation of the pediatric 
patient will be demonstrated with a subsequent 
practice session. i 


This course has been approved for 7 hours of 
credit in Category | of the Physician’s Recognition 
award of the American Medical Association. 
Registration will be limited to 50 participants. The 
fee is $225. 
For information and application please contact: 
Ms. Paula Puntenney 

Alumni Center for Continuing Education 
Northwestern University Medical School 
301 E. Chicago Ave. 

Chicago, IL 60611 

Telephone (312) 908-8533 











Setting the standard 
in hypoxemia monitoring. 


Now, for 
patient safety 
in all cases... 
all the time. 
Leading clinicians 
in major medical 
centers use the 
Nellcor N-100 
pulse oximeter. 
Over thirty-five 
published papers* 
document the 
need for this monitor. 

By continuously monitoring 
arterial oxygen levels, the Nellcor 
N-100 can detect patient hypox- 
emia before it results in adverse 
outcome. 

With each heartbeat, there is 
real-time, non-invasive measure- 
ment of arterial oxygen saturation, 
pulse rate, and pulse amplitude... 

Information that is critical to 
your patient's well-being. 


Varlable beep plus 
an alarm system for early 
warning and instant detection. 


The unique variable beep warns 
instantly if the patient's oxygen level 
changes. So corrective action can 
be taken immediately...before 
complications develop. 

Plus, audible and visual alarms 
alert if saturation or pulse rate fall 
outside preset limits. 

An unprecedented safety net. 


The Nelicor: 
N-100 pulse oximeter. 








A complete 
family of 
sensors for 

a wide range 
of non-invasive 
oxygen mon- 
itoring needs. 


You can choose 
sensors in differ- 
ent sizes and 
configurations to 
monitor all 
»  patients—from 
neonates to adults. 
Even in difficult cases such as 
low peripheral perfusion, active 
patients, and long-term care. 


Easy to use. 


Apply the sensor, switch on the 
monitor, and read the results. 

There's no site preparation, 
no heater, and no need to move 
the sensor frequently. 


For more information, write or call 
Nellcor toll-free at 800 433-1244. 
(in California, 800 351-9754) 

The Nellcor N-100 pulse 
oximeter. Setting the standard in 
hypoxemia monitoring. 


NELLCOR”’ 


Nelicor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415 887-5858 

Telex 172 428 


“Bibliography on file at Nelicor Incorporated. 


Nelicor is a registered tracemark of Nelicor 
Incorporated. 
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KING SAUD UNIVERSITY 
COLLEGE OF MEDICINE 
RIYADH, SAUDI ARABIA 





CARDIAC ANAESTHESIOLOGISTS 


Applications are invited from suitably qualified anaes- 
thesiologists to fill the posts of Consultants, Senior 
Registrars, and Registrars in the Cardiac Surgery Unit 


projected to open in June 1986, at King Khalid Uni- 


versity Hospital. 


Applicants should have American Board with two 
years experience in Cardiac Anaesthesia or other egui- 
valent qualification. 


Very attractive and negotiable salaries. 


Application letter with comprehensive curriculum 
vitae and addresses of three references should be sent 
to: 


The Dean, College of Medicine 
King Saud University 
P.O. Box 2925 
Riyadh 11461, Saudi Arabia 





ANESTHESIOLOGISTS 


Major 850+ bed tertiary care 
teaching facility seeks qualified 
individuals or group to be part 
of a restructured 
Anesthesiology Service. 
Candidates must be Board 
Certified or Board eligible and 
qualify for academic 
appointment at our affiliated 
medical school. Attractive 
compensation arrangements. 
Please submit curriculum vitae to 


Robert K. Match, MD 
President 


LONG ISLAND JEWISH 
MEDICAL CENTER 


hs 


New Hyde Park, NY 11042 


an egual opportunity employer 


ANESTHESIOLOGISTS 


St. Vincent Medical Center's Anesthesia 
Department is expanding. We are seeking 2 board 
certified or board eligible anesthesiologists to join 
an 8 member BC/BE group with 15 CRNA's. 


You will need 3 to 5 years experience with ail types of 
anesthesia and intra-operative monitoring techniques. 


St. Vincent is a 741-bed community teaching 
hospital with full surgical facilities, including 
neurological, open heart, retinal, vascular, 
obstetrical, plastic, as well as ambulatory 
outpatient surgery. 


Located in one of Ohio's newest cities, Toledo 
boasts of spectacular waterfront developments, 
an art museum, symphony, theater and zoo rated 
among the top ten in the country, fine restaurants 
and shopping centers. In addition, year-round 
sports facilities are available along with spectator 
sports such as baseball and hockey. 


For immediate consideration, please send your 
C.V. and a cover letter to: Lynn Scott, Manager 
Recruitment Employment, 


v 
St. Vincent Medical Center 


2213 Cherry St. © Toledo, OH 43608 
An Equal Opportunity Employer 





ANESTHESIA 
STAFFING 
CRISIS 


CALL 1-800 FAST GAS (327-8427) 
24 HOUR HOT LINE 


sA AE NA 
TRTE ` 


AA IN 
ANN 


THE NATION'S LARGEST PROVIDER OF 
PROFESSIONAL ANESTHESIA PERSONNEL 


ANESTHESIOLOGISTS +» CERTIFIED REGISTERED NURSE 


ANESTHETISTS * EMERGENCY AND SCHEDULED RELIEF « LOCUM 
TENENS * CONTRACT MANAGEMENT ¢ PERMANENT RECRUITING © 


Worldwide Anesthesia Associates, Inc. 





PLO. Box 1547 @ UKIAH, CALIFORNIA 95482 @ EUSA. 


Classified Advertising 





ANESTHESIOLOGY FELLOW 

Two openings for 1-yr obstetrical anesthesia 
fellowship, one beginning January 1986 and 
the other, July 1986. Program includes 6 
months each in the Departments of Anes- 
thesiology at UCI Medical Center and Me- 
morial Hospital Medical Center, Long Beach. 
Both are Level 3 Perinatal Centers with 4000 
deliveries per year. there is opportunity to 
take part in clinical research and teaching 
of medical students. Applicants must be el- 
igible for California state licensure. Inquir- 
ies from all qualified applicants are wel- 
come. Contact Ho Joon Choi, MD, Director 
of Obstetric Anesthesia, University of Cal- 
ifornia, Irvine Medical Center, 81A, Orange, 
CA 92668. 


ICU ANESTHESIOLOGIST 
Critical Care subspecialist needed to inte- 


. grate with the Departments of Medicine, 


Surgery, and Neurosurgery for clinical care, 
resident teaching, and research. Must be 
board certified in anesthesiology and pref- 
erably also boarded in internal medicine or 
surgery. Excellent salary and outstanding 
benefits package. Please submit curriculum 
vitae to James E. Cottrell, Mp, Professor and 
Chairman, 450 Clarkson Avenue, Box 6, 
Brooklyn, NY 11203. DMC #762, Equal op- 
portunity/affirmative action employer SUNY- 
Downstate Medical Center. 


ANESTHESIOLOGISTS 

BC/BE to join progressive group of MDs and 
CRNAs encompassing all specialties in at- 
tractive Gulf Coast community. Excellent 
quality of life, friendly city with four-year 
colleges and abundant opportunities for 
sailing, fishing, water sports, and hunting. 
Candidates must be well-trained, enthu- 
siastic, and personable. Experienced anes- 
thesiologists and/or recent graduates are 
encouraged to apply. Please send CV with 
reply to Box K22, % Anesthesia & Analgesia, 
Desk Editorial, 52 Vanderbilt Avenue, New 
York, New York 10017. 





“ANESTHESIA, YOUR BABY, AND YOU” 
This obstetric anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact APPCOR PRO- 
DUCTIONS, 3652 Carleton St, San Diego, 
CA 92106. 





CENTRAL MARYLAND 

Opportunity for BC/BE anesthesiologists 
beginning January 1986. Good location. 
Corporate benefits. Minimal call. Send CV 
to Box G17A, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 








THE DEPARTMENT OF ANESTHESIOLOGY, 
ORAL ROBERTS UNIVERSITY SCHOOL OF 
MEDICINE 

currently has openings for Assistant/Asso- 
ciate Professor with interests in teaching, 
clinical practice and research. Excellent op- 
portunity for board eligible/board certified 
physician in an institution dedicated to phi- 
losophy of Whole Person Medicine. Rank 
and salary commensurate with qualifica- 
tions and negotiable. The City of Faith Med- 
ical and Research Center is a Christian min- 
istry that employs without regard to race, 
color, sex, age, handicap, national origin or 
status as a veteran. Send CV and names of 
three references to James Mayhew, MD, 
Chairman, Department of Anesthesiology, 
Oral Roberts University School of Medicine, 
City of Faith Medical & Research Center, 
8181 South Lewis, Tulsa, OK 74137-1270. 


NEW YORK: PEDIATRIC ANESTHESIOLOGIST 
Expanding Division of Pediatric Anes- 
thesia, Department of Anesthesiology, Co- 
lumbia University College of Physicians and 
Surgeons is seeking individuals with train- 
ing in anesthesia and pediatrics. Division 
responsibilities are in the operating room 
and intensive care unit. Applicants should 
possess excellent clinical and teaching skills 
as well as research interests. Interested in- 
dividuals should reply to Peter Rothstein, 
MD, Director, Division of Pediatric Anes- 
thesia, Box 62, Babies Hospital, 622 West 
168th Street, New York, NY 10032. Colum- 
bia University is an equal opportunity 
employer. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. Salary first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Unique approach to development of test- 
taking skills, including mock orals. Basic 
science emphasis. Include phone number 
in response. Reply to Box K23, % Anesthesia 
and Analgesia, Desk Editorial, 52 Vanderbilt 
Avenue, New York, NY 10017. 








MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 








UTAH 

The University of Utah seeks an anesthe- 
siologist who is board certified in anesthe- 
siology, preferably with a PhD in physiology 
or pharmacology for a position at the level 
of Assistant Professor. Candidates should 
be qualified in clinical care, have previous 
teaching experience, and be capable of in- 
dependent basic science research. Send cur- 
riculum vitae to K.C. Wong, MD, Chairman, 
Department of Anesthesiology, University 
of Utah, College of Medicine, 50 North 
Medical Drive, Salt Lake City, Utah 84132. 
Equal opportunity/affirmative action em- 
ployer. Closing date December 31, 1985. 


MISSOURI 

200-bed university pediatric hospital; 200 CV 
anesthetics/yr. 5500 anesthetics/yr. Full-time 
university faculty position includes mal- 
practice, life, disability, and heaith insur- 
ance and retirement fringe benefits, Mini- 
mum: one year fellowship in pediatric 
anesthesia. Send CV to John F. Schweiss, 
MD, Professor and Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 1325 South Grand Bou- 
levard, St. Louis, MO 63104. 


POSITION NOW AVAILABLE 

for board certified/eligible anesthesiologist 
to join three-member incorporated group 
with CRNAs in a very progressive com- 
munity hospital. All types of procedures 
except open heart. Send CV to Box F23, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 





CLASSIFIED ADS 
Anesthesia end makes available clas- 


sified advertising space for those interested In 
obtaining positions, or wishing to announce 
theetings, postgraduate courses, or other events. 
Display space (minimum 4 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $.90 per word, min- 
imum twenty words; or $1.00 per word for box 


number ads. Copy deadline 7 weeks prior to 
publication. e.g., for the March issue, copy 
should be received by the 1st of January. Full 
payment or institutional purchase order must 


§2 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
list ung Co, Inc. ° 





ANESTHESIOLOGIST 

Board certified anesthesiologist, 3-5 years 
experience for busy Midwest practice in 700- 
bed hospital. Send CV to Box H19, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 








PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, Ye Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 





FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists—CRNAs. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750, ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 


CHIEF OF ANESTHESIOLOGY SERVICE 
Applications are being accepted for the po- 
sition of Chief, Anesthesiology Service at 
the Veterans Administration Medical Cen- 
ter, Martinez, CA, with a joint appoint- 
ment in the Department of Anesthesiology, 
University of California Davis. Applicants 
should be board certified, have successfully 
completed accredited residency training in 
anesthesiology, and have a valid medical 
license. Experience with research in anes- 
thesiology is desirable. Responsibilities in- 
clude teaching medical students and resi- 
dents the principles of anesthesiology. 
Recruitment will remain open until Decem- 
ber 31, 1985. Anticipated appointment date 
is July 1, 1986. Send curriculum vitae, bib- 
liography, and the names of three refer- 
ences to John R. Eisele jr, MD, Professor and 
Chairman, UCD Medical Center, Profes- 
sional Building, 4301 X Street, Sacramento, 
CA 95817. An equal opportunity/affirma- 
tive action employer. 


ANESTHESIOLOGIST—PHOENIX, ARIZONA 
AREA 

JCAH Hospital Accreditation—no obstet- 
rics. Board certification highly desirable. 
Unique greup practice offers very early 
partnership. Available now! Send CV to Box 
K24, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 





UTAH 

The University of Utah seeks an anesthe- 
siologist who is board certified/eligible in 
anesthesiolegy and who has completed a 
formal fellawship in pain. Opportunity to 
do clinical anesthesia, pain management, 
and research. Competitive academic salar- 
ies at the Instructor level. Send curriculum 
vitae to K€. Wong, MD, Chairman, De- 
partment of Anesthesiology, University of 
Utah, College of Medicine, 50 North Med- 
ical Drive, Salt Lake City, UT 84132. Equal 
opportunity’affirmative action employer. 
Closing date December 31, 1985. 


POSITION WANTED-—BE ANESTHESIOLO- 
GIST 

Three yearsexperience. NY and FL licenses. 
Available fer immediate relocation. All of- 
fers considered. Reply to Box K25, % Anes- 
thesia and Analgesia, Desk Editorial, 52 Van- 
derbilt Avenue, New York, NY 10017. 


DIRECTOR OF ANESTHESIA DEPARTMENT 
An ideally hecated, progressive, and family- 
oriented community offers an excellent 
professiona! and living environment for a 
board-certified anesthesiologist. Serving this 
Northwest Ilinois community is a JCAH- 
approved 250-bed acute care modern hos- 
pital. The operating suite, which serves over 
3500 patients per year, is less than one year 
old. This is a fee-for-service opportunity. 
The successful candidate will direct a 4- 
member team of MD anesthesiologists. 
Please respend to: Stephen A. Menke, Vice 
President/Chief Operating Officer, Free- 
port Memorial Hospital, 1045 W. Stephen- 
son St., Freeport, IL 61032. 


ANESTHESIOLOGY RESIDENT 

Currently accepting applications for PGY-3 
anesthesiolegy resident to begin 1/86. Send 
CV to J]. H. Eisele jr, MD, Chairman, Anes- 
thesiology, UC Davis Medical Center, 2315 
Stockton Boulevard, Sacramento, CA 95817. 
An affirmative action/equal opportunity 
employer. 


WORLDWIDE ANESTHESIA 

is an exciting organization of anesthesiol- 
ogists and CRNAs who specialize in relief 
services and provide qualified candidates 
for permanent positions throughout the US. 
To be included in our computerized data 
base or to recruit from the nation’s largest 
resources of anesthesia personnel, call or 
write Worldwide Anesthesia, Box 1547, 
Ukiah, CA 95482. Nationwide 1-800-327- 





8427. “Over a decade of placement 
experience.” 
ANESTHESIOLOGISTS 


Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Unique approach to development of test- 
taking skills, including mock orals. Basic 
science emphasis. Include phone number 
in response. Reply to Box K23, % Anesthesia 
and Analgesia, Desk Editorial, 52 Vanderbilt 
Avenue, New York, NY 10017. 


ANESTHESIOLOGISTS OVERSEAS 
Short-term service in developing countries. 
Those wishing to volunteer for participation 
in educational programs are requested to 
respond to Anesthesia Overseas, Harry M. 
Zutz, MD, 4 Rahway Road, Millburn, NJ 
07041. 


ANESTHESIOLOGISTS 

Sought by quality-oriented, nationwide re- 
ferral service for medical—legal consulta- 
tion. Highly rewarding opportunity. Reply 
to ExpertNet, 2020 West State Street, Suite 
164, Milwaukee, WI 53233. Telephone: (414) 
963-8829. 


ANESTHESIOLOGISTS/FACULTY 

Leading medical college expanding their 
anesthesiology faculty. Primary areas of 
clinical strength include Trauma, Pediatric, 
OB-Gyn, and Cardiovascular. State-of-the- 
art environment with responsibilities con- 
ducive to professional development. Re- 
sumes of PG-IV to senior faculty. Sunbelt. 
For further information in strict confidence, 
contact Celand Enterprises, Executive Search 
& Ancillary Consulting, 6630 Harwin, Suite 
152, Houston, TX 77036. Or phone (713) 
974-1357. 


THE LATEST 
EVELOPMENTS IN 










erapy. Pharmaceutical, 
| a and Medical 


2dited by $.S. DAVIS, L. ILLUM, J.G. Mc VIE 
end E. TOMLINSON 


“An essential requirement of modern drug 
therapy is the controlled delivery of the 
dharmacological agent to its site of action. 

his volume describes the action of the 

= nicrospheres in drug targetting tech- 
uiques, methods and applications of 
nicrosphere therapy are evaluated in 

¿reat detail. The book emphasis is on 

‘ological target, pharmaceutical aspects, 

| vivo action and in vitro usages. 

ea he challenge of advanced drug delivery 
“esearch and developments is used fully 
n this volume. The design and contents of 
he book will stimulate further research 

<md help the understanding of this multi- 
disciplinary field. 









“984 xviii + 448 pages 
“rice: US $105.50/Dfl. 285.00 
“SBN 0-444-80577-X 


"Side Effects of Drugs Annual 9 
wedited by M.N.G. DUKES 


rhe Side Effects of Drugs series have 
egained world-wide acclaim as the most 
comprehensive, authoritative, up-to-date 
referenca source on adverse reactions. 
ne annuals are published in January of 
each year and contain the most recent 
ainformation available screened from 
#some 4000 journals. 

Annual & of this series comprises 51 chap- 
@ers in which the vast amount of literature 
eon adverse drug reactions is critically 
meviewed. ‘Trends’ in adverse reactions are 
"highlighted in the 26 special reviews 
anciuded which discuss topical issues and 
aherefore provide the reader with a clear 
uidance to the interpretation of the 
Miterature. 














#985: approx. 500 pages 
Price: US $70.25/Dfl. 190.00 
sag 444-90594-1 


Progress i in Medicinal 
Chemistry, Volume 21 


edited by G.P. ELLIS and G.B. WEST 


This volume presents an excellent 
balance of reviews on progress made in 
some of the many long-term challenges to 
pharmaceutic ingenuity along with treat- 
ment of some fields not so commonly 


encountered. Improvements on sodium 
cromogiycate’s antiallergic action are sur- 
veyed, along with the therapy of Parkinson's 
disease (selegiline) and the antitumour 
activity of the anthracyclines and of loni- 


damine, an indolecarboxylic acid. Another 


such acid, tolnidamine, shows promises as 
a male contraceptive. Problems encounter- 
ed in classifying snakes and their venoms 
constitute a further topic, and the applica- 
tions of prostacyclin in vascular disorders 
complete an absorbing volume ina 
distinguished series. 


1984 vili+ 294 pages 
Price: US $83.25/Dfl. 225.00 
ISBN 0-444-80603-2 


Pharmacological and 
Chemical Synonyms 
8th Revised Edition 
Compiled by E.E.J. MARLER 


This is the latest edition of the world- 
famous listing of pharmaceutical and 
chemical synonyms, including pesticides, 
which was compiled for the first time in 
1956. 
The book is the most comprehensive 
source of its kind as more than 4,000 
medical and pharmaceutical journals are 
continually screened for new compounds 
through the Excerpta Medica Database. 
The contents of the book have been con- 
verted into a special database to which 
every new substance name is added, so 
that the latest information will always be 
available. The listing now contains approx- 
imately 12,000 main terms and all their 
synonyms. 
For people working in the field of pharma- 
cology, pharmaceutics and toxicology, 
as well as for medical editors and drug 
regulatory officers, this work will prove to 
bean indispensable source of information. 


1985 642 pages 


Price: US §90.75/Dfl. 245.00 
ISBN 0-444-90559-3 


Discoveries in Pharmacology 


Volume 2: Haemodynamics, 
Hormones and Inflammation 
edited by M.J. PARNHAM andJ. BRUINVELS 


This book is the second in a series of three 
volumes dealing with the history of major 
areas of pharmacology. In this second 
volume renowned experts describe the 
way in which discoveries in the cardio- 
vascular, endocrine and inflammatory 


fields has led to out present state of 
knowledge. 


The areas covered include ergot alkaloids, 
various anti-hypertensive agents, anti- 
thrombotic, anti-anginal and anti- 
arrythmic drugs. 


Steroid hormones and the contraceptive 
pill, insulin, thyroid hormones and 
hormones affecting the kidney, immuno- 
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The aim of the three volume series is to 
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groups used in clinical practice. This 
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drug interactions involving gastro- 
intestinal, haematological and infectious 
disease therapy. 

The authors have highlighted the relevant 
clinical pharmacological information 
about each drug and deal with the drugs 
within the group used in clinical practice. 
This information includes mode of action, 
pharmacokinetic properties, adverse reac- 
Hons and drug-host-disease interactions. 
Pharmacokinetic and pharmacodynamic 
drug-drug adverse interactions are then 
discussed against this background of 
clinical pharmacological information and 
appropriate emphasis is given to 
clinically important adverse drug-drug 
interactions. 
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Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 53⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique “‘hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, ‘‘sniffing’’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPiliow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 
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San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 
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of nondepolarizing 
muscle relaxants, 

don't look for what's better... 
look for what's best _ 


















(pyridostigmine == 
bromide injection, USP) 
when compared to neostigmine 


O Clinically fewer side effects 

O Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

O Wide margin of safety’? 
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BRIEF SUMMARY (Please consult full package insert, 
enciosed in every package, before using Regono!) 
INDICATIONS... Pynidostigmine bromide is useful as a rever- 
sai agent or antagonist to nondepolanzing muscie relaxants 
CONTRAINDIC ATIONS— Known hypersensitivity to anticho- 
inesterase agents intestinal and unnary obstructions of 
mechanical type. 


WARNINGS..-Pyndostigmine bromide should be used with 
particular Cauhon in patients with bronchial asthma or cardiac 
Gysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate. Atropine should also be used with 
caution in patients with cardiac dysrhythmias. When targe 
doses ol pyndostgmine bromide are administered. as during 
reversal of muscle relaxants, prior or simultaneous injection of 
atropine sulfate is advisable. Because of the possibility of 
hypersensitivity in an occasional patent, atropine and anti- 
shock medication should always be readily avaiable 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical pudgement. respiratory 
measurements and observation of the effects of periphera! 
nerve stimulation If there ig any doubt concerning the ade- 
quacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should be continued unt! 
ali doubt has been removed. 
Use in Pregnancy--The safety of pyndostigmine bromide 
during pregnancy or lactation in hurnans has not been astab- 
ished. Therefore tts use in women who are pregnant requires 
weighing the drugs potential benefits against ts possible 
hazards to mother and child. 


ADVERSE REACTIONS. The side effects of pyridostigmine 
bromide are most commoniy related to overdosage and gen- 
erally are of two varetes, muscarinic and nicotinic. Among 
those in the former group are nausea. vomiting. diarrhea 
abdominal cramps, increased peristalsis, increased salva 
Hon, increased bronchial secretions. mosis and diaphoresis 
Nicotinic side effects are comprised chiefly of muscie 
cramps, fasciculation and weakness. Muscarinic side eifects 
can usually be counteracted by atropine. As with any come 
pound containing the bromide radical, a skin rash may be 
seen in an occasional patient. Such reactions usually subside 
prompliy upon discontinuance of the medication. Throm- 
bophiebitis has been reported subsequent to intravenous 
administration 


DOSAGE AND ADMINISTRATION-- When pyndostigmine 
bromide is given intravenously to reverse the action of muscle 
felaxant drugs, dis recommended tha? atropine sulfate (0 6 tc 
1.2 mg) ar glycopyrrolate in equipotent doses be given inira- 
venously immediately prior to of simultaneous with its admin- 
istration. Side effects. notably excessive secretions and 
bradycardia, are thereby minimized. Reversal dosages range 
from 0.1-0.25 mg/Kg. Usually 10 or 20 mg. of pyridastigmnine 
bromide wil be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may 
occur within 15 minutes in most patients. others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quale vOlumary respiration, respiratory measurements and 
use of a penpheral nerve stimulator device. it is recom- 
mended that the patient be weil ventilated and a patent airway 
maintained unt complete recovery of normal respiration is 
assured, Once satisfactory reversal has been attained, 
recuranization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes) reversal may occur. e.g.. in the presence of 
extreme debilitation, carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents. 
notably ether Under these circumstances ventidation must be 
supported by artificial means until the patient has resumed 
contol of his respiration. 

HOW SUPPLIED — Regono! is available in: 

amg /mi: 2mi. ampuis-—~ boxes of 25-~-NDC-0052-0460-02 

Smi vials — boxes of 25-~NOC-0052-0460-05 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
60th CONGRESS—March 15-19, 1986— 
Caesars Palace Hotel, Las Vegas, Nevada 


PRELIMINARY MEETING INFORMATION 


Program/Registration Mailing: The preliminary program, with daily schedule of presentations, will be sent 
out in mid-December to all IARS members. This will include registration card, hotel card. social activities 
and spouse program. (IARS members outside of North America who plan to attend the meeting can receive 
this material by airmail upon request.) Non-IARS members who wish to receive meeting/membership 
information should contact the Cleveland office. 


Schedule: Registration: Saturday, March 15—1-5 pM (continues daily) 
Scientific Program: Sunday, March 16, through Wednesday, 
March 19 
Exhibits: Sunday, March 16, through Tuesday, March 18 


Program: e T.H. Seldon Distinguished Lecture—Dr. J. Alfred Lee, Essex, 
England 

26 Review Course Lectures 

Panels: Outpatient Anesthesia, Cardiovascular Anesthesia 

Over 100 Scientific Papers 

Scientific Poster Presentations 

Theme Luncheon Sessions 

Scientific Exhibits 


Technical (Commercial) Exhibits: Including a number of company sponsored Product Seminars 

Spouse Program: “Effective Tax Strategies’’ Seminar; area tours and other activities 
and presentations of interest. 

Reduced Air Fare: A special discounted fare will be available through United Airlines 
for [ARS registrants. 

CME Credit: AMA/ACCME Category 1 (31 hr, est.) AANA credit to be confirmed. 





SCIENTIFIC EXHIBITS: Applications for scientific exhibit space are available from the IARS office. There 
is no absolute deadline for submission of applications. However, availability of space in the exhibit area will 
be a factor in considering applications received after January 1, 1986. 


ARTS AND CRAFTS EXHIBIT: Responding to interest expressed by a number of members, the [ARS will 
for the first time include an arts and crafts exhibit at the 1986 meeting. If you or your spouse would like to 
enter your personally done art or craft work, the rules and entry blanks are available from the Cleveland office. 
The deadline for entry is January 31, 1986. 

International Anesthesia Research Society Tel: (216) 295-1124 
3645 Warrensville Center Road, Cleveland, OH 44122 


(__.____) Please send rules and entry blank for Arts and Crafts Exhibit. 
(_.._) Please send application for Scientific Exhibit space. 


(Name) 
(Mail Address) 
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Operating Room. 
Monitors From 


Puritan-Bennett Corporation 
PURITAN-BENNETT | Boston Division 
CORPORATI 265 Ballardvale Street 
ON Wilmington, Massachusetts 01887 
1-800-225-5344 (617) 657-8650 








esuscitation 


Managing Editor 
John B. McCabe, Wright State University 
school of Medicine, 
Dept. of =mergency Medicine, 
P.O. Box 927, Dayton, Ohio 45401, U.S.A. 





Founding Editor 
H. Hillman, Unity Laboratory, 
Dept. of Human Bio ogy and Health, University of Surrey, 
Guildford, Surrey, U.K. 





Aims and Scope Editor al Board Re : ° 
RESUSCITATION isa quarterly | F.W. Annefeld (U/m) suscitaviion 
international interdisciplinary M.S. Albin (San Antonio, TX) SOSSI _ 

| medical journal. The papers D. K. Anderson (Cincinnati, OH) Pills pines : oP A ip 
| published deal withthe etiology, | C. Brown (Columbus, OH) 





pathophysiology, diagnosis and | S. Bursztein (Haifa) — research relating to this 
treatment of acute diseases. H.H. Chen (Bejing) | 
Clinical and experimental A. Gilszon (London) 

| research, reviews and case “pape nied r ayton, OH) 

| histories will be published. M.S. Jastremski (Syracuse, NV) 
Editorial Policy K. Little (Edinburgh) 

| The originality of content of A. Lowenthal A p) 

| papers submitted and the > gars oe r aie 
quality of the work on which S H aor ae Wi oe a a Ea . 
they are based is the prime Ve ae M est LAIAyERE, "| Subscription 4 
consideration of the editors. Seno ig A Information 


D. Zideman (London) 


Authors whose papers have 1986: Volume 14 (1 vol. in 


been rejected for publication in 4 issues) 

the journal may respond to Consulting Editors Subscription rate: US $114.00 
detailed comments again,and | V.A. Negovsky (Moscow) Personal rate: US $45.00 
resubmit their paper, but the P. Safar (Pittsburgh, PA) (prices include postage and 
decision of the Editor-in-Chief handling) 

advised by reviewers is final. ISSN 0300-9572 


CR 
ELSEVIER 


Send your orders to: 


Elsevier Scientific Publishers Ireland, Ltd., P.O. Box 85, Limerick, Ireland 


Requests for free sample copies should be sent to: 


In the U.S.A. aed Canada in all other countries: 
Journal Informatzon Center ELSEVIER SCIENTIFIC PUBLISHERS 
ELSEVIER SCIENCE PUB_ISHERS. IRELAND LTD., 
52 Vanderbilt Avenue, New York, NY 10087, U.S.A. P.O. Box 85, Limerick, Ireland 


FL37A336 


The US $ price is definitive. 


Forane ‘isofturane) 


The Versatile Anesthetic 





A hypotensive agent for craniotomy and clipping of aneurysms 
Isoflurane may be used as both anesthetic 05% a% ak 0.25% 
and hypotensive agent, providing for pre- as E a a 
cise control of blood pressure throughout | 


procedures such as clipping of cerebral SŘ 


aneurysms. ! “D 


Blood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals: Mean blood pressure during the 
normotensive period was 70 mm Hg and rps Hg during the 
hypotensive phase. ! 


a E A E 
Control of intracranial pressure for craniotomy - 
and excision of space-occupying lesion 

Isoflurane causes no increase in intracranial pressure (ICP) when 


PaCO, is controlled at 25-30 torr, and ICP may be readily lowered 
during surgery by decreasing PaCO,,.2 


0.5% 


. i. 
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Control of hypertension during anesthesia in patients undergoig coronary artery bypass Surgery 
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Control of intraoperative hypertension may ap fra o no Esem i 
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a a ac ami mas oa te nacre na 
Potentiation of relaxants for orthopedic surgery 

With isoflurane anesthesia, profound surgical muscle relaxation 

can be provided with one-third to two-thirds the usual relaxant 

dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 

recovery period may be shortened and the need for reversal 

agents reduced by the rapid elimination of isoflurane. 





Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.’’® 





A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 
“Isoflurane is eliminated more rapidly 


than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 

anesthetic.’’” (Blood-gas partition coef- 

ficient, only 1.4) Group No. of Patients No. of Patients 
, i l l with N or N&V 

Anesthesia using isoflurane in a mixture fentanyl NO O 37 23 (62%)* 

of oxygen and air produced a significantly aa 

lower incidence of nausea and vomiting fentanyl, Ó» 20 6 (30%) 


following outpatient laparoscopy than 
anesthesia that included nitrous oxide.® 


isoflurane, O, 20 5 (25%) 





Adapted from Alexander et al® *p<0.05 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 

DESCRIPTION 

FORANE (isoflurane) is a nonflammable general inhalation anesthetic agem. it is 
T-chloro-2.2,2-trifluoroethy! diflucromethy!l ether, and its structural formula is: 


FE H 


Some physical constants are: 
Molecular weight 184.5 
Boiling point at 760 mm Hg 48.6 °C) funcort.} 
Refractive index né? 1.2980-1.3005 


Specific gravity 25 *125 °C 1.496 
Vapor pressure in mm Hg** 26 °C 238 
25 °C 295 
30 °C 387 
35 °C 450 


‘*Equation for vapor pressure calculation: 
logjoPvap = A + È where: A = 8056 
B = ~ 1664.58 
T = MO + 273.16 Kelvin} 
Partition coefficients at 37 °C 


Watergas 0.61 

Blood/gas 4.43 

CHUgas 308 
Partition coefficients at 2% °C. rubber and plastic 

Conductive rubber/gas 62.9 

Buty! rubberiqas 78.6 

Polyvinyi chioride/gas 110.0 

Polyethylene/gas VED 

Polyurathansyas ~ 1.4 

Polyotefinigas wd 

Buty! acetatergas 25 
Purity by gas chromatography > 99.3% 
Lower limit of flarnmabilbty in oxygen 

or nitrous oxide at 9 joules/sec None 

and 23 °C 


Lower limit of flamunability in oxygen Greater than useful 

or nitrous oxide at 900 joulesisec. concentraban in 

and 23 °C anesthesia 
tsofturane is a cheas coloriess, stable liquid containing no additives or chemuca! tabilizers 
Isoflurane has a miidiy pungent, musty, ethereal odor. Samples stored im indirect sunlight 
in clear, colorless glass for five years, as well as samples directly exposed for 30 hours 
16 a 2amp, 115 volt. 60 cycle long wave UV. ight were unchanged in composiuon as 
determined by gas chromatography. Isoflurane in one normal sodium methowide-rmethanol 
sanition, a strong base, for over six months consumed essentially no aiel, indicative 
of strong base stability. Isoflurane does not decompose in the presence obsada lime, and 
does not attack aluminum, tin, brass, ron of Copper. 
CLINICAL PHARMACOLOGY 
FORANE (isofigrane) is an inhalation anesthetic. The MAC (minimum seveoiar concen: 
tration) in man is as follows: 


160% Gsygen 





G + 4 ; 
44+ 7 1.46 0.80 
64 45 1.05 a3? 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a miia 
pungency which limite the rate of induction, although excessive salvaiion ct tracheo- 
bronchial secretions do not appear to be stimulated. Pharyngeal and laryngeal reflexes 
are readily obtanded. The level of anesthesia may be changed rapidity with isoflurane. 
Isoflurane is a profound respiratory depressant. RESPIRATION MUST BE MONITORED 
CLOSELY AND SUPPORTED WHEN NECESSARY. As anesthetic dose is :rictaased, tidal 
volume decreases and respiratory rate is unchanged. This depression is parially reversed 
by surgical stimulation, even at deeper levels of anesthesia. Isoflurane evokes a sigh 
response reminiscent of that seen with diethyl ether and enflurane, althougs the frequency 
is less than with enflurane. 

Blood pressure decreases with induction ol anésthesia but returns towed normal with 
surgical stimulation. Progressive increases in depth of anesthesia produce-corresponding 
decreases in blood pressure. Nitrous oxide diminishes the inspiratory cancentration of 
isoflurane required to reach a desired level of anesthesie and may reduce the arterial 
hypotension seen with isoflurane alone. Heart rhythm is remarkably stable oVith controliod 
ventilation and normal PaCG,, cardiac output is maintained despite increasing depth of 
anesthesia primarily through an increase in heart rate which compensate: for a red ucties 
in stroke volume. The hypercapnia which attends spontaneous yerciation during 
isoflurane anesthesia further increases heart rate and raises cardiac output above awake 
levels. Isoflurane does not sensitize the myocardium to exogenous: admisustered 
epinephrine in the dog. Limited data indicate that subcutaneous imecsion of 0.25 mg 
of epinephrine (50 mL of 1:200,000 solution) does nat produce an increase in ventricular 
arrhythmias in patients anesthetized with isoflurand. 

Muscle relaxation is often adequate for intra-abdominal! operations at mormel levels of 
anesthesia. Complete muscle paralysis can be attained with small deses of muscle 
ielaxants. ALL COMMONLY USED MUSCLE RELAXANTS ARE MARSEDLY POTEN- 
TIATED WITH ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE 
NONDEPOLARIZING TYPE. Neostigmine reverses the affect of nondepciarizing muscle 
relaxants in the presence of isoflurane. All commanly used muscle reliant: are compatible 
with isoflurane. 

Pharmacokinetics: Isoflurane undergoes minimal biotransformation :o man. In the 
postanasthesia period, anly 017% of the isoflurane taken up can be recovsred as urinary 
metabolites. 

INDICATIONS AND USAGE 

FORANE (isoflurane) may be used for induction and maintenance of general anesthesia. 
Adequate data have not been developed te establish its application in obstetrical 
anesthesia 

CONTRAINDICATIONS 

Known sensitivity to FORANE (isoffurane) or to othe: halogenated agen 

Known or suspected genetic susceptibility to manignant hyperthermia 

WARNINGS 

Since levels of anesthesia may be altered easily and rapidly, only vaporzers producing 
predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened. 
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Increased blood loss comparable to that seen with halothane has been observed in 
patients undergoing abortions. 
FORANE fisofturane) markedly increases cerebral blood flow at deeper levels of anesthesia. 
There may be a transient rise in cerebral spinal fluid pressure which is fully reversible 
with hyperventilation. 
PRECAUTIONS 
General: As with any potent general anesthetic, FORANE (isoflurane) should only be 
administered in an adequately equipped anesthetizing environment by thase who are 
familiar with the pharmacciogy of the drug and qualified by taining and experience to 
manage the anesthetized patient. 
Information to Patients: Isoflurane, as well as other general anesthetics, may cause 4 
slight decrease in intellectual function for 2 or 3 days following anesthesia. As with other 
anesthetics, small changes in moods and symptoms may persist for up to 6 days after 
administration. 
Laboratory Testa: Transient increases in BSP retention, biood glucose and serum creatinine 
with decrease in BUN, serum cholesterol and alkaline phosphatase have been observed 
Drug interactions: Isoflurane potentiates the muscle releount effect of al muscle relaxants, 
most notably nondepolarizing muscle relaxants, and MAC {minimum alveolar conceri- 
tration} is reduced by comcamitant administration of N30. 
Sea CLINICAL PHARMACOLOGY, 
Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such 
exposure might induce neoplasia. Isoflurane was given at 1/2. 14 and 1/32 MAC for four 
iuter exposures and for 24 exposures to the pups during the first nine weeks of lifa 
‘The mice were killed at 16 months of age. The incidence of temom in these mice was 
the same as in untreated control mice which were given the same background gases. 
but not the anesthetic. 
Pregnancy Category C: Isoflurane has been shown to have a possible anesthetic-related 
fatotoxic effect in mice when given in doses 6 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Isoflurane should be used 
during pregnancy only if the potential benefit justifies the potential risk te the fetus. 
Nursing Mothern: It ig not known whether this drug is excreted in human milk. Because 
many druga are excreted in hursan milk, caution should be exercised when isoflurane 
is administered to a nursing woman. 
Malignant Hyperthermia: in susceptible individuals, isoflurane anesthesia may trigger 
a skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical 
syndrome known as malignant hyperthermie. The syndrome includes nonspecific features 
such ag muscle rigidity, tachyzardia, tachypnea, cyanosis, arrhythmias, and unstable blood 
pressure, (t should alse be noted that many of these nonspecific signs may appear with 
light anesthesia, acute hypoxia, etc.) An increase in overall metabolism may be reflacted 
in an elevated tempemture (which may rise rapidiy early or late in the case, put usually 
is not the first sign of augmented metabolism) and an increased usage of the CO, 
absorption system {hot canister). PaO, and pH may decrease, and hyperkalemia and a 
base deficit may appear Treatment includes discontinuance of triggering agents 
ig. isoflurane), administration of intravenous dantrolene sodium, and application of 
supportive therapy. Such therapy includes vigorous efforts to restore bady temperature 
to norni, respiratory and circulatory support as indicated, and management of electrolyte 
fiuid-acid-hase darangements. (Consult prescribing information for dantrolene sodium 
intravenous for additional information on patient management.) Renal failure may 
appear later, and urine flow should be sustained if posainie 
ADVERSE REACTIONS 
Adverse reactions encountered in the administration of RORANE isoflurane) are in general 
dose dependent extensions of pharmacophysiciogic effects and include resparatery 
depression. hypotension and arrhythmias, 
Shivering, nausea, vomiting and Heus have been ubserved in the postoperative period. 
As with all other general anesthetics, transient elevations in white blood count have been 
observed even in the absence of surgical stress. 
See PRECAUTIONS for information regarding malignant hyperthermia. 
OVERDOSAGE 
In the event af overdosage. ox what may appear to be overdosage, the following action 
should be taken: 
Stop drug administration, establish a clear airway and initiate assisted of controlled 
ventilation with pure oyges 
DOSAGE AND ADMINISTRATION 
Premedication: Premedivation should be selected according to the need of the individual 
patient, taking into account that secretions are weakly stunulated by FORANE (isoflurane) 
and the heart rate tends to be increased. The use of anticholmergic drugs is a matter 
of choica 
inspired Concentration: The concentration of isoflurane being delivered from a vaporizpi 
duting anesthesia should be known. This may be accomplished by using: 
aj} vaporizers calibrated specifically for isoffurane: 
b) vaporizers from which delivered Bows can be calculated, such 

as vaporizers delivering a saturated vapor which is then cifuted. 

The delivered concentration from such a vaporizer may be 

calculated using the formula: 


% ISofUrane eee 


where Pa = Pressure of atmosphere 
Py = Vapor pressure of isoflurane 
Fy = Plow of gas through vaporizer (mL/min) 
Ep = Total gas fow {mimin} 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation 
of these Vaporizers. 

Induction: Induction with isoffurane in oxygen of in combination with oxygen nitrous 
oxide mixtures may produce coughing, breath holding, ot laryngpspasm. These difficulties 
may be avoided by the use of a nypeotic dose of an ultra-shortacting barbiturate 
Inspired concentrations of 1.5 to 36% isoflurane usually produce surgical anesthesia in 
7 to 10 minutes. 

Maintenance: Surgical levels of anesthesia may be sustained with a 1.0 to 2.5% conca 
tration when nitrous oxide is used concomitantly, An additional 05 to 10% may be 
required when isoflurane is given using oxygen alone. If aided relaxation ie required, 
supplemental doses of muecle relaxants may be used. 

Tha level of blood pressure during maintenance is an inverse hinction of isoflurane 
concentration in the absence of other complicating problems Exorssive decreases may 
be gue to depth of anesthesia and in guch instances may be corractead by lightening 
anesthesia. 

HOW SUPPLIED 

FORANE (isoflurane), NDC 10019-26040, is packaged in 100 mL amber-colorad bottles. 
Storage: Store at room temperature. Isoflurane contains no additives and has been 
demonstrated to be stable at room temperature for periods in excess of five years. 
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What would Hippocrates say about 
-brain monitoring? 


Throughout history, the arrival of new medical technologies has 
confronted physicians with new ethical quandaries. 

In every case, the basic questions are these: At what point does a new 
method of treatment cross the line between expensive luxury and standard 
procedure? 

How does one know when the experimental has become the expected? 

When does a doctor's obligation to keep abreast of new developments 
grow into a duty to employ them? 

It is precisely these issues that are being addressed today with regard 
to surgical brain monitoring. 

Very few would question the intentions of those who advocate 
monitoring the brain during cardiovascular and other major surgeries. 
With reported morbidity rates ranging from the unfortunate to the shock- 
ing, something clearly ought to be done. The controversy arises around 
such issues as cost, ease of use and the effectiveness of the existing 
technology. 

Well, the technology is now remarkably effective. We know; we made 
it that way. 

There is currently available a brain monitor that offers continuous 
16-channel (whole-head) EEG data throughout surgery. Thanks to 
computerization, it requires no special supervision; and it can alert the 
surgical team immediately when it detects an abnormality in brain function. 

Thus, ease of use and effectiveness are no longer prohibitive factors. 

The cost, however, might still be considered an obstacle. And the 
insurance industry's position on reimbursement is still evolving. 

Even so, one thing is certain. Given this new technology, brain 
monitoring cannot be ignored by the medical community. 

We urge you to discuss the pros and cons of brain monitoring with 
your colleagues. 

And we invite you to tell us what you think. Write CNS, Inc., 10349 
W. 70th Street, Minneapolis, Minnesota 55344, or call 800-328-8322 ext. 120. 
ot he request, we will be happy to send you more ; 
information on brain monitoring. 
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When safety 
comes first 


The Servo Ventilator will meet the 
physician’s standards. For prematures, 
children and adults. In intensive care, 
anesthesia and patient transportation. 


The multi-purpose Servo Ventilator from 
Siemens — the world leader in advanced 
ventilators. 


ft Servo Ventilator Systems 


Siemens-Elema Ventilator Systems 

2360 North Palmer Drive, Schaumburg, Illinois 60195 
Tel.: (312)397-5900 

For countries outside the U.S.: 


Siemens-Elema AB, Ventilator Division. 
S-17195 Solna, Sweden 


z 


Please 
L] send me the Servo application poster 


0 


|] inform me about the Servo in patient 
transportation 
C contact me 


Name _ 
Position 
Hospital 
Address 
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As safe 

as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). !? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 





systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.° 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.° 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
IS aS effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,’* and hemorrhagic, traumatic, 
or septic shock.*:?” 
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No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter.: >/ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients! >’ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 


Phone 1-800-323-4980. 


(hetastarch) 


American Hospital Supply Corporation 


Lifesaving, 
moneysaving 





Please see references and brief summary of 
prescribing information on following page. 
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References: L Diehl JT; Lester JL, DM: Clinical 
pall lead aga ret tive 
c Ann Thorac 34 , 1982. 
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HESPAN (retastarch) 


6% Hetastarch in 0.9% Sodium Chioride 
injection- 


CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 

bf disorders or with savere congestive cardiac and 
renal fallure with ofiguris or anuria. 

WARAGAGS 


Large volumes may alter the coagulation mechanism Thus, 
administration Ae ee transient prolon- 
gation of prothrombin, partial thrombeplastin and clotting 
times. With af doses, the physician 
should atso be alert to the possi of transient prolonga- 
tton of bleeding time. 

Hematocrit may be decreased and plasme proteins diluted 
excessively by administration of large volumes of 


in Significant in platelet 
don indoresir aneres Lanes 
ors g ages hiked th 
to the volume effects of hetastarch. Hemoglobin 


levels usually return to normal within 24 hours. Hemodil- 
tion by hetastarch and saline may also result in 24 hour 
S protein, albumin, calclum and fformogen 


J early pregnancy, 
fits the potential hazards. 
Unage kn rere No dota avaliable pertairing to use h 
n. 
The safey and compat of sddtives have not been 
established, 


PRECAUTIONS 

The ity of circutatory overload should be kept in 
SL oc pa em gerbera praritel 

have impaired rena! clearance since this the principal 

way In which hetastarch is eSminated. Caution shouid be 


OS mga normal 0.0-07 mg% have been reported m 
normal subjects who received multiple heta- 
E Wal tin wc A hora knits at 
afl times; indirect bifrubin retumed to normal by 96 hours 
following the final infusion. The significance, if of these 
elevations is not known, however caution should be 
observed before administering hetastarch to patients with 
a history of hver disease. 

Regular and frequent clinical evaluation and laboratory 


. determinations are necessary for proper monitoring of 


hetastarch use during leukapheresis. Studies 


differential count, he hematocrk, prothrombin 
time (PT), and partia! 

Hetastarch is nonantigenic. However, a or 
reactions have been NS}. 


REACTIO 
If such reactions occur they are readily controtted by dis- . 
continuation of the drug and, If necessary administration of 


an antihistaminice a 
ADVERSE 
The following have been reported: vomiting, mi 
e Aea oE simon Sr parot gar 
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Marcaine Spinal 
bupivacaine HCI, USP. 0.75% 
with dextrose, USP 8.25% injection 


PLEASE CONSULT FULL PRESCRIBING INFORMATION: A SUMMARY FOLLOWS: 
CONTRAINDICATIONS: MARCAINE Spinal is contraindicated in patients with a known hypersensitivity 
to it or to any focal anesthetic agent of the amide-type. The following conditions preclude the use of 
spinal anesthesia: (1) Severe hemorrhage, severe hypotension, or shock and arrmythmias, such as 
complete heart block, which severely restrict cardiac output; {2} Local infection at the site of proposed 
lumbar puncture: (3) Septicemia. 

WARNINGS: LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL 
VERSED IN DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMER- 
GENCIES WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED, AND TSEN ONLY AFTER 
INSURING THE IMMEDIATE AVAILABILITY OF OXYGEN, OTHER RESUSCITATIVE DRUGS, CARDIO- 
PULMONARY RESUSCITATIVE EQUIPMENT, AND THE PERSONNEL RESOURCES NEEDED FOR PROPER 
MANAGEMENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See also ADVERSE REACTIONS 
and PRECAUTIONS.) DELAY IN PROPER MANAGEMENT OF DOSE-RELATED TOXIC TY. UNDERVENTI- 
LATION FROM ANY CAUSE AND/OR ALTERED SENSITIVITY MAY LEAD TO THE CEVELOPMENT OF 
ACIDOSIS, CARDIAC ARREST, AND, POSSIBLY, DEATH. 

Spinal anesthetics should not be injected during uterine contractions, because spinal fluid current 
may carry the drug further cephalad than desired. 

A tree flow of cerebrospinal fluid while performing spinal anesthesia indicates entry.into the subarach- 
noid space. Aspiration should be performed before the anesthetic is injected to confirm entryinto the 
subarachnoid space and to avoid intravascular injection. 

MARCAINE solutions containing epinephrine or other vasopressors should not be used concomitantly 
with ergot-type oxytocic drugs, because severe, persistent hypertension may occur MARCAINE sotu- 
tions containing a vasoconstrictor such as epinephrine should be used cautiously ir patients receiving 
monoamine oxidase inhibitors (MAOH) or antidepressants of the triptyline or imiprammne types, because 
severe prolonged hypertension may result. 

Administration of MARCAINE to patients younger than 18 years is not recommended, nor is the mixing 
or the prior or intercurrent use of any other loca! anesthetic with MARCAINE because of insufficient data 
on the clinical use of such mixtures. 


PRECAUTIONS: General: The safety and effectiveness of spinal anesthetics dependon proper dosage, 
correct technique, adequate precautions, and readiness for emergencies. Resusecitative equipment, 
oxygen, and other resuscitative drugs should be available for immediate use. (See WARNINGS and 
ADVERSE REACTIONS.) The patients should have IV fluids running via an indwelling catheter to assure a 
functioning intravenous pathway. The lowest dosage of locai anesthetic that results ireffective anesthe- 
sia should be used. Aspiration for biood should be performed before injection and isiection should be 
made slowly. Tolerance varies with the status of the patient. Elderly patients and acutely itt patients may 
require reduced doses. Reduced doses may also be indicated in patients with increased intra-abdominal 
pressure (including obstetrical patients), it otherwise suitabie for spinal anesthesia. 

Cardiovascular and respiratory vital signs and the patient's state of consciousness after local anes- 
thetic injection should be constantly and carefully monitored. Restiessness, anxiety, iscoherent speech, 
light-headedness, numbness, and tingling of the mouth and lips, metallic taste, tinnitus. dizziness, blurred 
vision, tremors, depression or drowsiness may be early warning signs of central nervous system:toxicity. 

Spinal anesthetics should be used cautiously in patients with severe disturbances of cardiac rhythm, 
shock or heart block. 

Sympathetic blockade during spinal anesthesia may result in peripheral vasodilation and hypoten- 
sion, the extent depending on the number of dermatomes blocked. Blood pressure should be carefully 
monitored especially in the early phases of anesthesia. Hypotension may be controlies by vasoconstric- 
tors in dosages depending on the severity of hypotension and response of treatment. The level of 
anesthesia should aiso be carefully monitored because it is not always controllable in ¿pinal techniques. 

Because the liver metabolizes amide-type local anesthetics such as MARCAINE, trese drugs, espe- 
cially repeat doses, should be used cautiously in patients with hepatic disease. Paients with severe 
hepatic disease are al a greater risk of developing toxic plasma concentrations. _ocal anesthetics 
should also be used cautiously in patients with impaired cardiovascular function because they may be 
less able to compensate for functional changes associated with the prolongation ef A-V conduction 
produced by these drugs. However, dosage recommendations for spinal anesthesia are much lower than 
those in other major blocks, most experience regarding hepatic and cardiovascutar disease dose- 
related toxicity is derived from these other major blocks. 

Serious dose-related cardiac arrhythmias may occur if preparations containing a vasoconstrictor 
such as epinephrine are used in patients during or following the administration of potent inhalation 
agents. in deciding whether to use these products concurrently in the same patient, th: combined action 
of both agents on the myocardium, the concentration and volume of vasoconstrictor sed, and the time 
since injection, when applicable, should be considered. 

Many drugs used during the conduct of anesthesia are considered potential tricgering agents for 
familial malignant hyperthermia. it is not known whether amide-type local anestivetics trigger this 
reaction, and since the need for supplemental general anesthesia cannot be predicted in advance, a 
standard protocol for management should be available. Earty unexplained signs of tachycardia, tachyp- 
nea, labile blood pressure, and metabolic acidosis may precede temperature elevation. Successful 
outcome depends on early diagnosis, prompt discontinuance of the suspect triggering agentis) and 
institution of treatment, including oxygen therapy, indicated supportive measures and dantrolene. 
(Consult dantrolene sodium package insert before using} 

The following conditions may preclude the use of spinal anesthesia, depending en the physician's 
evaluation of the situation and ability to deal with possibie complications or compiairts: (1) Preexisting 


diseases of the central nervous system, such as those resulting from pernicious anemia, poliomyelitis, 


syphilis, tumor; {2} Hematological disorders predisposing to coagulopathies or patients on anticoagu- 
lant therapy. Trauma to a blood vessel during the conduct of spinal anesthesia may. i: some instances. 
result in uncontrollable central nervous system hemorrhage or soft tissue hemorrhage; (3) Chronic 
backache and preoperative headache, {4} Hypotension and hypertension; (5) Technical problems (per- 
sistent paresthesias or bloody tap}; (6) Arthritis or spinal deformity; (7) Extremes of age: (8) Psychosis 
or other causes of poor cooperation by the patient. 

information for Patients: Patients shouid be informed that they may experience temporary ioss of 
sensation and motor activity, usually in the lower half of the body, following properadministration of 
spinal anesthesia. Also, when appropriate, the physician should discuss other information including 
adverse reactions in the MARCAINE Spinal package insert. 

Clinically Significant Drug interactions: Local anesthetic solutions containing epinephrine or norepi- 
nephrine administered to patients receiving monoamine oxidase inhibitors or tricyclic antidepressants 
may produce severe, prolonged hypertension. Concurrent use of these agents shauld generally be 
avoided but, when necessary, careful patient monitoring is essential. 

Concurrent administration of vasopressor drugs and of ergot-type oxytocic drugs “ay cause:severe 
persistent hypertension or cerebrovascular accidents. 

Phenothiazines and butyrophenones may reduce or reverse the pressor effect of epinephrine. 
Carcinogenesis, Mutagenesis, and impairment of Fertility: Long-term studies ir animats of most 
focal anesthetics including bupivacaine to evaluate carcinogenic potential have not-been conducted. 
Mutagenic potential or the effect on fertility have not been determined. There is mo evidence from 
human data that MARCAINE Spinai may be carcinogenic, or mutagenic or that it impas fertility. 
Pregnancy Category C: Decreased pup survival in rats and an embryocidal effect in abbits have been 
observed when bupivacaine hydrochioride was administered in doses comparable to 230 and 130 times 
respectively the maximum recommended human spinal dose. There are no adequate aid well-controlled 
studies in pregnant women of bupivacaine's effect on the developing fetus. Bupivacame hydrochioride 
shouid be used during pregnancy only if the potential benefit justifies the potential ris: to the fetus. This 
does not exclude the use of MARCAINE Spinal at term for obstetrical anesthesia. (See Labor and Delivery.) 
Labor and Delivery: Spinal anesthesia has a recognized use during labor and delmery. Bupivacaine 
hydrochloride, when administered properly, via the epidural route in doses 10 to 12 mes the amount 
used in spinal anesthesia has been used for obstetrical analgesia and anesthesia without evidence of 
adverse effects on the fetus. 

Regional anesthesia has produced maternal hypotension. Local anesthetics produse vasodilation by 
blocking sympathetic nerves. Elevating the patient’s legs and positioning her on herteft side will heip 
prevent decreases in blood pressure. The fetal heart rate should be monitored continuously and 
electronic fetal monitoring is highly advisable. 

it is extremely important to avoid aortocaval compression by the gravid uterus durirg administrations 
of regionai block to parturients. To do this, the patient must be maintained in the lef@lateral decubitus 
position or a blanket roll or sandbag may be placed beneath the right hip and the gravicaiterus displaced 
to the left. 

Spinal anesthesia may alter the forces of parturition through changes in uterime contractility or 
maternal expulsive efforts. Spinal anesthesia has also been reported to prolong the second stage of 
labor by removing the parturient’s reflex urge to bear down or by interfering with motor function. 
Obstetrical anesthesia may increase the need for forceps assistance. 

The use of some local anesthetic drug products during labor and delivery may resuit in diminished 
muscie strength and tone for the first day or two of life. This has not been reported witt bupivacaine. 

Cardiac arrest has been reported during use of MARCAINE 0.75% solution for epidural anesthesia in 
obstetrical patients. The MARCAINE hydrochloride package insert for epidural, nerve Block, etc, dis- 
cusses this problem. These cases are compatibie with systemic toxicity following unintended intravascu- 
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lar injection of the much larger doses recommended for epidural anesthesia and have not occurred 
within the dose range of bupivacaine hydrochloride 0.75% recommended for obstetrical spinal anes- 
thesia. The 0.75% concentration of MARCAINE is therefore not recommended for obstetrical epidural 
anesthesia. MARCAINE Spinal (bupivacaine HCI 0.75% with dextrose 8.25%) is recommended for spinal 
anesthesia in obstetrics. 

Nursing Mothers: it is not known whether local anesthetic drugs are excreted in human milk; therefore, 
caution should be exercised when ocal anesthetics are administered to a nursing woman. 

Pediatric Use: Until further experience is gained in patients younger than 18 years, administration of 
MARCAINE Spinal in this age group is not recommended. 


ADVERSE REACTIONS: Reactions to bupivacaine are characteristic of those associated with other 
amide-type local anesthetics. The most commonly encountered acute adverse experiences following 
spinal anesthesia are hypotension due to loss of sympathetic tone and respiratory paralysis or under- 
ventilation due to cephalad extension of the motor level of anesthesia. These may lead to cardiac arrest 
if untreated. In addition. dose-related convulsions and cardiovascular collapse may result from dimin- 
ished tolerance, rapid absorption from the injection site. or from unintentional intravascular injection of 
a local anesthetic solution. Factors influencing plasma protein binding, such as acidosis, systemic dis- 
eases which alter protein production, or competition of other drugs for protein binding sites, may diminish 
individual tolerance. 

Respiratory System: Respiratory paralysis or underventilation may result from upward extension of the 
level of spinal anesthesia and may lead to secondary hypoxic cardiac arrest if untreated. Preanesthetic 
medication, intraoperative analgesics and sedatives, as well as surgical manipulation may contribute to 
underventilation. This will usually occur within minutes of the injection of spinal anesthetic solution, but 
because of differing maximal onset times, intercurrent drug use, and surgical manipulation, it may occur 
at any time during surgery or the immediate recovery period. 

Cardiovascular System: Hypotension due to loss of sympathetic tone is a commonly encountered 
extension of the clinical pharmacology of spinal anesthesia. This is more commonly observed in patients 
with shrunken blood and interstitial fluid volumes. cephalad spread of the local anesthetic and/or 
mechanical obstruction of venous return. Nausea and vomiting are frequently associated with hypoten- 
sive episodes following the administration of spinal anesthesia. High doses, or inadvertent intravascular 
injection, may lead to high plasma levels and related depression of the myocardium, decreased cardiac 
output, bradycardia, heart biock, ventricular arrhythmias and possibly cardiac arrest. (See WARNINGS, 
PRECAUTIONS, and OVERDOSAGE sections.) 

Central Nervous System: Respiratory paralysis or underventilation secondary to cephalad spread of 
the level of spinal anesthesia (see Respiratory System) and hypotension for the same reason (see 
Cardiovascular System) are the two most commonty encountered central nervous system-related 
adverse observations which demand immediate countermeasures. 

High doses, or inadvertent intravascular injections may lead to high piasma levels and related central 

nervous system toxicity characterized by excitement and/or depression. Restlessness, anxiety, dizzi- 
ness, tinnitus, blurred vision, or tremors may occur, possibly proceeding to convulsions. However, 
excitement may be transient or absent, with depression being the first manifestation of an adverse 
reaction. This may quickly be followed by drowsiness merging into unconsciousness and respiratory 
arrest. 
Neurologic: Adverse neurologic reactions associated with the use of local anesthetics may be related to 
the total dose of local anesthetic administered and aiso depend on the particular drug used, the route of 
administration and the physical status of the patient. Many effects may be related to local anesthetic 
techniques, with or without a contribution from the drug. 

Neurologic effects following spinal anesthesia may include loss of perineal sensation and sexual 
function; persistent anesthesia, paresthesia, weakness and paralysis of the lower extremities and loss of 
sphincter contro! all of which may have slow, incomplete or no recovery, hypotension: high or total spinal 
bock; urinary retention, headache; backache, septic meningitis; meningismus; arachnoiditis; slowing of 
labor, increased incidence of forceps delivery; shivering; cranial nerve palsies due to traction on nerves 
from loss of cerebrospinal fluid; fecal and urinary incontinence. 

Allergic: Allergic-type reactions are rare and may occur as a result of sensitivity to the focal anesthetic. 
These reactions include urticaria, pruritus, erythema, angioneurotic edema (including laryngeal edema}, 
tachycardia, sneezing, nausea, vomiting, dizziness, syncope, excessive sweating, elevated temperature, 
and possibly anaphylactoid-like symptomatology (including severe hypotension). Cross-sensitivity 
among members of the amide-type iocal anesthetic group has been reported. 

Other: Nausea and vomiting may occur during spinal anesthesia. 


OVERDOSAGE: Acute emergencies from local anesthetics are generally related to high plasma levels 
encountered during therapeutic use or to underventilation (and perhaps apnea} secondary to upward 
extension of spinal anesthesia. Hypotension is commonly encountered during the conduct of spinal 
anesthesia due to relaxation of sympathetic tone or contributory mechanical obstruction of venous return. 
Management of Local Anesthetic Emergencies: The first consideration is prevention through careful 
and constant monitoring of cardiovascular and respiratory vital signs and the patient's state of conscious- 
ness after each local anesthetic injection. Administer oxygen at the first sign of change. 

The tirst step in managing systemic toxic reactions, as well as underventilation or apnea due to a high or 
fotai spinal is to immediately establish and maintain a patent airway and effective assisted or controlled 
ventilation with 100% oxygen with a delivery system capable of permitting immediate positive airway 
pressure by mask. This may prevent convulsions if they have not already occurred. 

If necessary, use drugs to control convulsions. A 50 mg to 100 mg bolus IV injection of succinyicholine 
will paralyze the patient without depressing central nervous or cardiovascular systems and facilitate 
ventilation. A bolus IV dose of 5 mg to 10 mg of diazepam or 50 mg to 100 mg of thiopental! will permit 
ventilation and counteract central nervous system stimulation. but these drugs aiso depress central 
nervous system, respiratory and cardiac function, add to postictal depression and may result in apnea. 
intravenous barbiturates, anticonvulsant agents, or muscle relaxants should only be administered by 
those familiar with their use. Immediately after instituting these ventilatory measures, the adequacy of the 
circulation shouid be evaluated. Supportive treatment of circulatory depression may require adminis- 
tration of intravenous fluids, and when appropriate, a vasopressor dictated by the clinical situation. 

Hypotension due to sympathetic relaxation may be managed with intravenous fluids, in an attempt to 
relieve mechanical obstruction of venous return or by using vasopressors and, if indicated, by giving 
plasma expanders or whole blood. 

Endotracheal intubation, employing drugs and techniques familiar to the physician, may be indicated 
after initial administration of oxygen by mask if difficulty is encountered in maintaining a patent airway or 
if prolonged ventilatory {assisted or controlled) support is indicated. 

Recent clinical data from patients experiencing loca! anesthetic-induced convulsions demonstrated 
rapid development of hypoxia, hypercarbia, and acidosis with bupivacaine within a minute of the onset of 
convulsions. These observations suggest that oxygen consumption and carbon dioxide production are 
greatly increased during local anesthetic convulsions and emphasize the importance of immediate and 
effective ventilation with oxygen which may avoid cardiac arrest. 

ff not treated immediately, convulsions with simultaneous hypoxia, hypercarbia, and acidosis plus 
myocardial depression from the direct effects of the local anesthetic may result in cardiac arrhythmias, 
bradycardia, asystole, ventricular fibrillation, or cardiac arrest. Respiratory abnormalities, including 
apnea, may occur. Underventilation or apnea due to a high or total spinal may produce these same signs 
and also lead to cardiac arrest if ventilatory support is not instituted. If cardiac arrest occurs, standard 
cardiopulmonary resuscitative measures should be instituted and maintained for a prolonged period if 
necessary. Recovery has been reported after prolonged resuscitative efforts. 

The supine position is dangerous in pregnant women at term because of aortocaval compression by the 
gravid uterus. Therefore, during treatment of systemic toxicity, maternal hypotension or fetal bradycardia 
following regional block, the parturient should be maintained in the left lateral decubitus position if 
possible, or manual displacement of the uterus off the great vessels be accomplished. 

The mean seizure dosage of bupivacaine in rhesus monkeys was found to be 4.4 mg/kg with mean 

arterial plasma concentration of 4.5 mcg/mL. The intravenous and subcutaneous LD., in mice is 6 mg/kg 
to 8 mg/kg and 38 mg/kg to 54 mg/kg respectively. 
Composition of MARCAINE Spinal Solutions: Each 1 mL of MARCAINE Spinal contains 7.5 mg 
bupivacaine hydrochloride and 82.5 mg dextrose. The pH of this solution is adjusted between 4.0 and 6.5 
with sodium hydroxide or hydrochloric acid. The specific gravity of MARCAINE Spinal is between 1.030 
and 1.035 at 25°C, and 1.03 at 37°C. MARCAINE Spinai does not contain any preservatives. 
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HICKEY PR, HANSEN DD, WESSEL DL, LANG P, 
JONAS RA, ELIXSON EM. Blunting of stress responses in 
the pulmonary circulation of infants by fentanyl. Anesth 
Analg 1985;64:1137—42. 


After repair of congenital heart defects, stress responses in 
the pulmonary circulation of fourteen infants produced by 
ü A oe Hata procedure were studied before 
fon pa ne I wihi suctioning (Fio, 1.0) was lim- 
ited to no more than 15 sec to avoid alveolar hypoxia. Before 
fentanyl, marked increases occurred in mean pulmonary 
artery pressure and pulmonary vascular resistance index 


with suctioning, whereas only mild increases in heart rate 
and mean systemic arterial pressure occurred. All of these 
increases with suctioning were almost completely abolished 
by 25 ugíkg fentanyl. We conclude that suctioning or other 
broncho—carinal stimulation can produce a marked pul- 
monary vasoconstrictive response in infants, which is blunted 
by fentanyl. This response is separate from that produced 
by hypoxic pulmonary vasoconstriction associated with pro- 
longed clinical suctioning procedures or with loss of airway. 


Key Words: ANALGESICS—fentanyl. ANESTHE- 
SIA, CARDIOVASCULAR—pediatric. LUNG—vasculature. 








Although the blunting of stress-induced responses in 
the systemic circulation has been studied extensively, 
stress-induced changes in the pulmonary circulation 
have received little attention. Changes in the pul- 
monary circulation are particularly critical in neonates 
whose pulmonary vasculature is highly reactive, in 
children with congenital heart disease, and in adult 
patients with pulmonary hypertension from diverse 
causes. During anesthesia and operation, there is po- 
tential for dynamic and potentially deleterious changes 
in the pulmonary circulation due to stress of airway 
manipulations, alterations in inspired gas tensions, 
and surgical trauma. 

Previous studies from this institution have dem- 
onstrated that fentanyl in large doses produces little 
alteration in either pulmonary or systemic hemody- 
namics of infants; that it attenuates the systemic 
hemodynamic response to intubation, incision, and 
sternotomy; and that it contributes to stability of the 
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pulmonary circulation in neonates after repair of con- 
genital diaphragmatic hernia (1-3). No studies of the 
effects of fentanyl on the pulmonary circulation in 
infants during stress have been reported. 

To investigate the effects of stress on the pulmo- 
nary circulation in infants, we used, as a stress stim- 
ulus, a modification of the endotracheal suctioning 
procedure routinely employed during postoperative 
clinical care. Although a number of studies have doc- 
umented increases in heart rate and systemic arterial 
pressure both with endotracheal suctioning and dur- 
ing broncho~carinal stimulation without suctioning 
(4-7), the effects of this stress on the pulmonary cir- 
culation have not been assessed, either in the awake 
patient or after a large dose of fentanyl. Because of 
the crucial role of the pulmonary circulation in sick 
infants and because of the hemodynamic complica- 
tions seen clinically during endotracheal suctioning 
in infants, we designed our study to assess the effects 
of the stress of endotracheal stimulation without al- 
veolar hypoxia on the pulmonary circulation of in- 
fants before and after fentanyl. 


Methods 


The study protocol was approved by the institutional 
Committee on Clinical Investigation, and informed 
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consent was obtained from the parents of the infants 
included in the study. We studied 14 infants when 
they were responsive in the intensive care uni after 
operative repair of congenital heart defects. Mean age 

was 7 months (+ 2.7 sp), and mean weight was 6.1 
kg (+ 1.5). Operative procedures included closure of 
ventricular septal defects (4), repair of complete atrio- 
ventricular canals (6), repair of tetralogies of Fallot (2), 

Senning repair of transposition of the great arteries 
(1), and mitral valve replacement (1). 

Only hemodynamically stable infants not requiring 
inotropic support were studied. Indwelling right and 
left atrial, pulmonary artery, and radial artery cath- 
eters were inserted during the operation, along with 
a separate pulmonary artery thermistor. Postepera- 
tive chest x-rays and pressure tracings confirmed the 
position of the intrathoracic catheters. Pulmonary ar- 
terial oxygen saturations of less than 80% or normal 
indocyanine green dye studies confirmed the absence 
of residual intracardiac shunts. 

All infants had received approximately 50 ug/kg of 
fentanyl for anesthesia prior to cardiopulmonary by- 
pass and subsequent deep hypothermic circulatory 
arrest; no further fentanyl was given until the time of 
the study in the intensive care unit. The infants were 
being mechanically ventilated with an Fio, of 1.0 dur- 
ing the study, which was generally 5-7 hr after the 
operation. Baseline mean arterial blood pH fer the 
group was 7.48 + 0.04 (SD), mean Paco, was 37 + 5 
mm Hg, and the mean PaO, was 210 + 35 mm Hg. 

Baseline measurements of left and right atrial, mean 
pulmonary, and systemic arterial pressures were made, 
and a thermodilution cardiac output was determined 
by injecting either 1 or 3 ml of 5% dextrose solution 
(0° C) through the right atrial catheter. The velume 
of injectate depended upon the infant's weight. Ther- 
modilution curves were examined, and three deter- 
minations of cardiac output were obtained for each 
measurement period. Successive cardiac output de- 
terminations were generally within 5% of each other 
_and always within 10%. 

After baseline measurements on an Fio, of 1.0, the 
infants were suctioned to a measured depth of the 
tracheobronchial tree. Interruption of ventilation with 
this suctioning maneuver was limited to less than 15 
sec, after which controlled ventilation with 100% O, 
was continued. In half of the infants, transcutaneous 
Po monitors were in place during the period of suc- 
tioning, and no decrease in transcutaneous PO, was 
noted with the brief, carefully controlled suctioning 
technique used. Hemodynamic responses to endo- 
tracheal suctioning generally lasted several mmutes 
and returned to baseline levels within 5-10 min. Max- 
imum responses ‘of pressure and heart rate te suc- 
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tioning were recorded, and repeat measurements of 
thermodilution cardiac output were done as closely 
as possible to the time of the maximum pressure 
responses. 

The suctioning technique used for this study was 
much briefer and more limited than the prolonged 
suctioning technique used clinically. Clinical suction- 
ing procedures generally include instillation of saline, 
a number of passes of the suction catheter with longer 
periods of suction on each pass, and longer periods 
of disconnection from ventilation than the brief tech- 
nique used in this investigation. Because the aim of 
this study was to examine responses to stimulation 
of the tracheobronchial tree rather than hypoxic pul- 
monary vasoconstriction, this brief suctioning tech- 
nique was used purposely to avoid alveolar hypoxia 
and concomitant hypoxemia, which have been re- 
ported with usual clinical suctioning techniques. 

After the first suctioning, fentanyl (25 we/kg) was 
given intravenously over 1-2 min along with a small 
dose of pancuronium to prevent rigidity (0.015 mg/kg). 
The hemodynamic effects of fentanyl and pancuro- 
nium in these infants have been reported in a previous 
paper (1). The above sequence of measurements, in- 

cluding new baseline measurements, was repeated 10 
min after the full dose of fentanyl. Endotracheal suc- 
tioning of less than 15 sec duration was then again 
carried out to the same depth as on the first occasion 
and the measurements repeated. In four infants the 
endotracheal suction catheter was passed to the mea- 
sured depth to provide broncho-carinal stimulation, 


but no suction was applied either before or after 


fentanyl. 

All hemodynamic indices were calculated for each 
infant using body surface areas derived from a com- 
puter program based upon height and weight. Car- 
diac index (CI) and pressure data were used to cal- 
culate pulmonary vascular resistance index (PVRI) and 
systemic vascular resistance index (SVRI) in Wood 
units (mm Hg-L~'-min-m*) for each infant. Group 
mean values and standard deviations (Sp) for each 
variable were calculated directly. One way analysis 
of variance (ANOVA) for repeated measures was used 
for the raw data to determine whether significant dif- 
ferences occurred among the four measurement pe- 
riods (baseline, suctioning before fentanyl, baseline 
after fentanyl, and suctioning after fentanyl). When 
significance was noted, the Bonferroni t-test for mul- 
tiple comparisons was used to test the significance of 
changes occurring between baseline and initial suc- 
tioning before fentanyl and also between suctioning 
before fentanyl and suctioning after fentanyl. A P 
value of < 0.05 was considered statistically significant. 

In order to compare suctioning-related changes in 
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Table 1. Hemodynamic Stress Responses to Suctioning Before and After Fentanyl (+ sp) 





Suctioning response 


A AAAA eT TT aaan aana Ainaa aaa ttt vn ett ree rere Aa AeA Pt a AA n 


Baseline after Suctioning response 


Variable Baseline before fentanyl fentanyl after fentanyl 
Heart rate (beats/min) 113 + 17 124 + 22" Lis 18 114 + 17% 
MAP (mm Hg) 12-2, 13 88 + 16" 70° 15 fa. 215? 
RAP (mm Hg) 8+ 3 ame 10) =-3 Li eS 
MPAP (mm Hg) 2 es 36 + 13" 2 23 2&7" 
LAP (mm Hg) 2+5 20 + 10 +4 l4+4 
Cardiac index (L-min-m*) 232/06 a1 2 07 3.0 + 0.6 2.9 + 0.6 
SVRI (mm He-L min m’) 2447 24 2 8 a nen Aray 
PVRI (mm Hg L min-m’) 3:3 2 24) 36 2 3.5 ofa. oe eed Did ae 2! 


“P< 0.01 Compared to baseline. 


‘P< 0.01 Compared to suctioning response before fentanyl, 


P < 0.05 Compared ta suctioning response before fentany |. 


each variable before and after fentanyl, the percent 
change in each hemodynamic variable with suction- 
ing was calculated from the immediately preceding 
baseline period both before and after fentanyl for each 
infant. New baseline measurements were made after 
fentanyl was given and used in the calculation of the 
percent change with suctioning after fentanyl. To pro- 
vide another view of the data, mean percent changes 
with suctioning before and after fentanyl were com- 
pared by the Student’s paired t-test. 


Results 


In the four patients who received only bron- 
cho-carinal stimulation with the catheter, the result- 
ing response was no different from the 10 patients in 
whom brief suction was applied to the catheter. Ac- 
cordingly, data from all 14 infants were pooled for 
subsequent analysis. The hemodynamic responses of 
these 14 infants to broncho-carinal stimulation with 
or without suctioning before fentanyl and after fen- 
tanyl are shown in Table 1. 

Heart rate (HR) and systemic arterial pressure (MAP) 
increased moderately with suctioning before fentanyl; 
these increases were statistically significant. Larger 
increases occurred in pulmonary arterial pressure 
(MPAP) and PVRI. Cardiac index and SVRI tended 
to increase slightly with suctioning, but the changes 
were not statistically significant. Right atrial pressure 
(RAP) and left atrial pressure (LAP) increased signif- 
icantly by similar amounts with suctioning (9 and 8 
mm Hg, respectively). The increase in MPAP (15 mm 
Hg) was almost two times the increase in the RAP 
and the LAP, whereas CI was unchanged, suggesting 
that the increase in MPAP was not due merely to 
increased intrathoracic pressure with straining during 
broncho-carinal stimulation. 

After fentanyl had been given, the responses to 
suctioning were significantly different. Heart rate, 


MAP, RAP, MPAP, LAP, and PVRI responses to suc- 
tioning all were significantly decreased by fentanyl 
when compared to suctioning responses before fen- 
tanyl was given. There was no change in the minimal 
CI and SVRI responses to suctioning after fentanyl. 

Figures 1 and 2 show the mean percent changes in 
each variable for the entire group with endotracheal 
suctioning compared before and after fentanyl. There 
was a significant decrease in the percent hemody- 
namic response to suctioning after fentanyl in HR, 
MAP, MPAP, and PVRI. Although the percent change 
in CI with suctioning before fentanyl was insignifi- 
cant, the CI response was significantly different after 
fentanyl. This is because Cl decreased with suctioning 
after fentanyl when the heart rate response to suc- 
tioning was blunted by fentanyl. 

The most striking stress response with suctioning 
was produced in the pulmonary circulation. This pul- 
monary vascular response was markedly attenuated 
by fentanyl. As indicated by the high relative standard 
deviations in the MPAP and PVRI data (Table 1), the 
pulmonary vascular response to suctioning was quite 
variable before fentanyl. Some infants had large in- 
creases in MPAP with suctioning prior to fentanyl; 
others had only mild or moderate increases. Regard- 
less of the magnitude of the response prior to fen- 
tanyl, the pulmonary vascular response was quite 
uniformly blunted, as shown by the lower standard 
deviations in these data after fentanyl. 


Discussion 


Significant hemodynamic changes occurred with suc- 
tioning in the infants we studied; these changes were 
especially marked in the pulmonary circulation. Be- 
cause there is only limited information in the literature 
concerning the effects of acute hypertensive re- 
sponses in the pulmonary circulation, it is difficult to 
assess the clinical importance of the ‘changes we ob- 
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Figure 1. Percent changes in heart rate (HR), mean arterial 
pressure (AP), and mean pulmonary arterial pressure (PAP) with 
endotracheal suctioning before and after fentanyl. 





served. Acute right ventricular failure secondary to 
pulmonary vasoconstriction in adults given prot- 
amine has recently been documented (8). In infants, 
hemodynamic complications associated with suction- 
ing are well known to occur clinically (9), and death 
has been reported after endotracheal suctioning in 
adults (10). When coupled to the pulmonary vaso- 
constrictive response associated with brief stimulation 
of the tracheobronchial tree demonstrated in the pres- 
ent study, the hypoxia often produced in young in- 
fants during prolonged therapeutic suctioning and 
saline instillation procedures (9) could very likely lead 
to additional pulmonary vasoconstriction mediated 
by alveolar hypoxia. Acute right ventricular failure 
might result. After repair of congenital diaphragmatic 
hernias in neonates, stress-related pulmonary vaso- 
constrictive responses have been shown to be criti- 
cally related to right-to-left shunting and systemic hy- 
poxemia (3). Furthermore, other forms of 
sympathomimetic stress such as potent surgical stim- 
ulation may also provoke similar responses in the 
pulmonary circulation. 

Previous studies have documented systemic hemo- 
dynamic effects of endotracheal suctioning and bron- 
cho-carinal stimulation similar to those seen in the 
present study but did not evaluate changes in pul- 
monary arterial pressures or pulmonary vascular re- 
sistance. White et al. (7) showed that 1 ug/kg of fen- 
tanyl did not prevent heart rate and systemic pressor 
responses to endotracheal suctioning. Martin et al. 
(11) showed that in adults fentanyl 8 g/kg added to 
the thiopental blunts both systemic response to tra- 
cheal intubation and the increase in pulmonary cap- 
illary wedge pressure associated with trachea! intu- 
bation. Pulmonary arterial pressures were not reported 
in their study. Other studies in which patients’ pul- 
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Figure 2. Percent changes in cardiac index (CI), systemic vascular 
resistance index (SVR), and pulmonary vascular resistance index 
(PVR) with endotracheal suctioning before and after fentanyl. 


monary vascular responses to stress have been mea- 
sured incidentally after fentanyl administration have 
not included any baseline measurements of responses 
to stress before fentanyl. Thus these studies do not 
allow quantitation of the degree of attenuation of the 
pulmonary vascular stress response (12-13). In a study 
by Wynands et al. (12) of adults undergoing coronary 
artery bypass grafting receiving fentanyl, there was 
no significant change in PVR with incision and ster- 
notomy. Calculation of PVRI from the study by Sonn- 
tag et al. (13) of adults given fentanyl shows an ap- 
parent increase in PVRI with the stress of intubation 
but not with incision and sternotomy. 

In the present study, the variability in the vascular 
response to suctioning was greater in the pulmonary 
than in the systemic circulation, as indicated by the 
larger relative standard deviations in the pulmonary 
data. Some of this variability may be related to in- 
trinsic differences in the pulmonary vascular respon- 
siveness to broncho-carinal stimulation among dif- 
ferent infants. In our study these individual differences 
were not clearly related to age, diagnosis, level of 
pulmonary vascular resistance, or preexisting pul- 
monary hypertension (six infants), but the number of 
infants studied was too small to allow any valid con- 
clusion on this point. Furthermore, because both the 
amount of sedation the infants received prior to the 
study and the time interval after operation were not 
strictly controlled, different preexisting levels of se- 
dation during the measurement made before fentanyl 
administration might also contribute to the observed 
variability. 

The greater variability of the PVRI data with suc- 
tioning may also be explained partially by the tran- 
sient nature of the response to suctioning and our 
inability to measure cardiac output instantaneously. 
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The suctioning response typically lasted several min- 
utes, and hemodynamic values returned to baseline 
within 5-10 min. Although maximal pressure re- 
sponses could be measured with no time lag, a series 
of thermodilution output measurements takes several 
minutes. Thus during this non-steady state we would 
expect that appreciable variability in the PVRI (and 
OVRI) data to be introduced because of the time lag 
between pressure measurements and cardiac output 
measurements. Despite this variability, changes in PVRI 
associated with suctioning still attained statistical 
significance. 

These considerations of course do not apply to the 
immediate measurement of MPAP, which still showed 
a moderately large degree of variability among in- 
fants. Whether this apparent variability in respon- 
siveness of the pulmonary vasculature is an artifact 
of our study design or whether it represents an in- 
trinsic biologic variability in different infants is an 
interesting question raised by this study. 

Hypoxic pulmonary vasoconstriction is an unlikely 
explanation for our results because the brief suction- 
ing technique was purposely used to avoid producing 
alveolar hypoxia. Suctioning time was minimal, less 
than 5 sec, interrupting ventilation for less than 15 
sec, and transcutaneous PO, showed no change dur- 
ing suctioning. In comparison, the usual clinical suc- 
tioning techniques frequently involve a total venti- 
lator disconnect time of several minutes, with saline 
being instilled, and several suctioning passes totaling 
as much as 1 min with intermittent manual ventilation 
using 100% O; during the procedure. Hypoxia has 
been well documented during this type of clinical 
technique using transcutaneous PO, measurements 
(9). Furthermore, in the four infants we studied in 
whom suction was not applied to the catheter, the 
response persisted. Broncho-carinal stimulation alone 
in the absence of suctioning increased systemic blood 
pressure and heart rate in several other studies of 
patients (4,5) and animals (14). In addition, if the pul- 
monary responses were caused by hypoxic vasocon- 
striction, fentanyl would not be expected to blunt them 
because fentanyl has been shown not to inhibit hy- 
poxic pulmonary vasoconstriction (15,16). 

Another possible cause of the pressor responses 
observed could be the increases in intrathoracic pres- 
sure seen with coughing and straining. The pancu- 
ronium given with the fentanyl might well prevent 
these increases in intrathoracic pressure. However, 
pulmonary artery pressure increased considerably in 
excess of the increases in right and left atrial pressures 
in our study at the same time that the cardiac index 
was not significantly changed. This suggests an active 
vasoconstrictive process in the pulmonary circulation 
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before the fentanyl was given, as reflected in the pul- 
monary vascular resistance index data. 

In the study by Martin et al. (11) of patients 
undergoing intubation, systemic arterial pressure as 
well as pulmonary capillary wedge pressure increased 
significantly when paralyzed patients were given 
thiopental alone, but not when fentanyl (8 ug/kg) was 
added to the thiopental. Because paralyzed patients 
were studied, changes in intrathoracic pressure due 
to straining were not a factor in the pressor responses 
seen. Although pulmonary vascular resistance was 
not measured in their study, the pulmonary capillary 
wedge pressure increased with intubation. The in- 
crease in pulmonary capillary wedge pressure may 
reflect changes in pulmonary venous resistance, which 
can be a significant component of total pulmonary 
vascular resistance (17,18). 

The small dose of pancuronium (0.015 mg/kg) used 
with fentanyl in our study did not prevent sponta- 
neous movement and thus is unlikely to have pre- 
vented, by itself, apparent pulmonary pressor re- 
sponse due to straining and coughing. There is little 
reason to suppose that systemic pressor responses 
would be prevented by paralysis, and, indeed, muscle 
relaxants alone in previous studies have not pre- 
vented increases in MAP and HR with suctioning and 
broncho~—carinal stimulation (5,7,11). 

In another study of paralyzed, lightly anesthetized 
patients, circulatory responses to broncho-carinal 
stimulation were blocked by cervical epidural block- 
ade but not by lumbar epidural blockade (5). These 
circulatory responses were attributed to a sympatho- 
mimetic reflex. They occurred despite complete pa- 
ralysis and were blocked only by a high sympathetic 
blockade. Fentanyl in sufficient doses is known to 
suppress sympathetic responses, and this may well 
be the mechanism by which fentanyl blunts the sys- 
temic pressor response to endotracheal suctioning. 
Although the exact role of the autonomic nervous 
system in regulating pulmonary vasomotor reactivity 
remains unclear, there is evidence for a sympathetic 
contribution to pulmonary vasoconstriction during 
stress (19,20) that might be inhibited by large doses 
of fentanyl. 

Our present study demonstrates that stress such 
as brief endotracheal suctioning can provoke intense 
pulmonary vasoconstriction in infants even in the ab- 
sence of hypoxia, as well as provoking milder sys- 
temic pressor and heart rate responses. Regardless of 
the genesis of the increases in pulmonary vascular 
resistance seen in our study, these increases represent 
an increased hemodynamic load to the right ventricle 
that may be tolerated poorly in the diseased cardio- 
pulmonary system. Fentanyl, along with the small 
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dose of pancuronium we used (0.015 mg/kg), was 
effective in preventing both the systemic and pul- 
monary responses to suctioning in these infants. 

This study thus provides a rationale for the use of 
fentanyl as a primary component of the anesthetic in 
infants and children with either intracardiac shunting 
or unstable pulmonary circulations who are prone to 
a pulmonary hypertensive response to various sym- 
pathetic stresses, including broncho—carinal stimu- 
lation from intubation and suctioning. Although not 
demonstrated in our study, similar pulmonary hy- 
pertensive responses may be produced by the potent 
sympathomimetic surgical stresses of skin incision and 
sternotomy in the operating room that could be at- 
tenuated with fentanyl. Whereas other anesthetic 
agents can certainly blunt responses to intubation, 
suctioning, or other sympathomimetic stress, the abil- 
ity of fentanyl to attenuate stress responses in the 
pulmonary circulation, to leave hypoxic pulmonary 
vasoconstriction intact (15,16), and to leave myo- 
cardial performance unchanged (1) should help max- 
imize arterial oxygenation and circulatory stability in 
infants and neonates with ongoing or potential intra- 
cardiac shunting. 

The findings of the present study suggest that use 
of fentanyl postoperatively in infants who have hy- 
perreactive pulmonary circulations may be beneficial. 
Unstable infants with right-to-left intracardiac shunt- 
ing, right ventricular failure, or decreased cardiac out- 
put secondary to pulmonary hypertension frequently 
require extended postoperative ventilation. In these 
infants, use of fentanyl in the postoperative period to 
prevent surges in pulmonary vascular resistance as- 
sociated with suctioning, painful stimulation, anc other 
manipulations may be beneficial until the acute period 
of instability is over (21). The minimum dose needed 
to blunt these responses was not evaluated in the 
present study and probably needs to be determined 
on an individual basis. Since these infants often re- 
quire prolonged periods of postoperative mechanical 
ventilation in any case, profound respiratory depres- 
` sion with large doses of fentanyl is not usually a rel- 
evant consideration. 

It must be emphasized that improper, prolonged 
suctioning techniques can lead to alveolar hypoxia 
with hypoxic pulmonary vasoconstriction, Irypox- 
emia, bradycardia, and cardiovascular collapse. Noth- 
ing in our study suggests that fentanyl woulc alter 
this course of events. However, this study provides 
evidence of the effectiveness of fentanyl in recucing 
those potentially deleterious vasomotor responses to 
endotracheal stimulation in critically ill infants in the 
intensive care unit which can occur in the absence of 
prolonged suctioning procedures that cause alveolar 
hypoxia. 
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Several studies have shown that surgical patients cannot 
consciously recall or recognize events to which they had been 
exposed during general anesthesia. Might evidence of mem- 
ory for intraoperative events be revealed through the per- 
formance of a postoperative test that does not require re- 


membering to be deliberate or intentional? Results of the 
present study, involving the recognition and spelling of 
semantically biased homophones, suggest a negative answer 
to this question and imply that intraoperative events cannot 
be remembered postoperatively, either with or without 
TWATENESS. 


Key Words: MEMORY—intraoperative. 





Recent research on organic amnesia has revealed that 
the impairment of memory manifested by many neu- 
rologically impaired individuals is selective rather than 
pervasive in nature. In particular, it has been dem- 
onstrated that despite their inability to remember where 
they were or what they did only minutes ago, amnesic 
patients are able to learn new motor skills (1), acquire 
solutions to complex problems (2), retain classically 
conditioned responses (3), identify fragmented ver- 
sions of recently presented pictures (4), and interpret 
ambiguous words in line with their experimentally 
biased meanings (5). What is amazing about these 
accomplishments is that although the patients can 
acquire and retain new skills and knowledge, they 
cannot consciously remember the circumstances un- 
der which learning took place. In other words, am- 
nesic patients seem to have memory for recent ex- 
periences or encounters without having awareness of 
memory for these events (6-9). 

In this experiment, we attempted to apply the dis- 
tinction between memory and awareness of memory 
to the question of whether adequately anesthetized 
and apparently unconscious patients can register and 
retain what is said in their presence during surgery. 
Prior research relating to this question has focused, 
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for the most part, on the ability of postoperative pa- 
tients to recall or recognize a specific item—e.g., a 
spoken word, sentence, or story—as having occurred 
in a specific situation, namely, while the patients were 
experiencing the effects of general anesthesia (10-15). 
Memory as measured in these earlier experiments is 
deliberate or intentional in that the patients must be 
aware that they are remembering a particular past 
event (6,16). Because most patients appear pro- 
foundly amnesic when tested for postoperative recall 
or recognition of intraoperative events (10-15), it is 
logical to infer that, as a rule, such events are neither 
amenable to conscious reflection nor accessible through 
intentional or “aware” forms of remembering. The 
inference need not be drawn, however, that “patients 
in so-called surgical planes of anesthesia cannot hear” 
(15, p 89) or that anesthetized patients cannot encode 
and store in memory events that transpire during their 
surgery. The possibility remains that even though the 
effects of memory for intraoperative events may not— 
and probably cannot-—be revealed in postoperative 
tests of retention that require remembering to be de- 
liberate or intentional, such effects might be evident 
in the performance of tests that do not demand aware- 
ness of remembering. 

To explore the possible dissociation between mem- 
ory and awareness of memory for intraoperative events, 
we modeled our experiment after a recent neuro- 
psychological study by Jacoby and Witherspoon (5). 
Subjects in Jacoby and Witherspoon’s “spelling study” 
were five Korsakoff alcoholics, clinically diagnosed as 
amnesic, and five university students. In the first phase 
of the study, the subjects were asked to answer ques- 
tions such as: Name a musical instrument that em- 
ploys a reed. As implied by this example, the intent 
of the question-answering task was to encourage the 
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subjects to encode homophones, such as reed, in re- 
lation to their low-frequency or less common 
interpretations. 

In the second phase of the study, the subjects were 
read a list that consisted, in part, of equivalent num- 
bers of old and new homophones—ones that either 
had or had not appeared in the context of biasing 
questions—and were asked to spell each word aloud. 
Jacoby and Witherspoon assumed that if the first pre- 
sentation of a “biased” homophone is remembered 
and influences its later interpretation, more of the old 
than new homophones should be spelled in line with 
their less common interpretations. They also assumed 
that an influence of memory on the spelling of a word 
would not necessarily require the subjects to be aware 
that they were remembering the first presentation of 
that word, but that such awareness would be required 
in the test of old/new recognition memory that was 
given in the third and final phase. To the extent, then, 
that memory and awareness represent distinct, dis- 
sociable dimensions of human cognition, perform- 
ance on a memory test (viz., recognition) that requires 
awareness of earlier events, and performance on a 
test (viz., spelling) that does not demand deliberate 
remembering should be independent of one another. 
Thus performance on one type of test should mot be 
predictable on the basis of performance on the other 
type. 

Evidence of such independence was revealed in 
two ways. First, in comparison with the studenis, the 
amnesic patients recognized fewer old homophones 
(25 vs 76%, with neither group of subjects generating 
any false alarms), but spelled more of these items in 
line with their less common, experimentally biased 
interpretations (63 vs 49%, with approximately 21% 
of the new homophones spelled in their low-fre- 
quency forms by both groups). Thus the disadvantage 
of the amnesic patients was restricted to recognition 
memory—an “aware” form of remembering. Second, 
for patients and students alike, the conditional! prob- 
ability of recognizing an old homophone in the third 
phase of the study, given that its spelling had been 
biased by memory in the second phase (P(Rn/Spa), did 
not differ significantly from the unconditional prob- 
ability of correct recognition (P(Rn)). Thus for neither 
type of subject was recognition memory associated 
with or enhanced by an effect of memory on spelling. 

In summary, it appears that the prior presentation 
of a word has a substantial impact on its subsequent 
interpretation and spelling, regardless of whether or 
not the word is correctly classified as “old” in a later 
test of recognition memory. Although this dissocia- 
tion of spelling and recognition performance is es- 
pecially striking ‘among the amnesics (who outper- 
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formed the students on the former test and were 
themselves outperformed by the students on the lat- 
ter), it is demonstrated by nonamnesics as well (as 
evidenced by the students’ statistically equivalent val- 
ues of P(Rn/Sp) and P(RKn). Recognition and spelling 
thus seem to reflect fundamentally different forms or 
functions of memory, whether intact or organically 
impaired. In particular, whereas recognition of an old 
word requires the recognizer to be aware of its prior 
presentation, an influence of memory on the spelling 
of a word does not necessarily demand deliberate 
remembering (6,16). 

Approached from the standpoint of anesthesia the- 
ory and practice, the idea that recognition and spell- 
ing tap different memory processes or systems raises 
an interesting question for research. Specifically, sup- 
pose that during surgery, an anesthetized patient lis- 
tens to a series of short, descriptive phrases, each 
consisting of a homophone and one or two words 
that bias the homophone’s less common interpreta- 
tion (e.g., warand PEACE, deep SEA). Suppose further 
that several days after surgery, the patient is read a 
list composed chiefly of old and new homophones 
(i.e., ones that either had or had not been presented 
intraoperatively) on two successive occasions. On one 
occasion, the patient is simply asked to spell each list 
item aloud; on the other occasion, the patient is asked 
to state aloud which list items he or she recognizes 
as having been presented during surgery. Given the 
situation sketched above, might the patient spell sig- 
nificantly more old than new homephones in line 
with their less common interpretations, and yet fail 
to reliably discriminate between the two types of items 
in the test of recognition memory, a test, unlike that 
of spelling, which would require the patient to con- 
sciously reflect upon events that had occurred during 
a period of anesthetic unconsciousness? The main aim 
of the present experiment was to answer this question. 


Methods 
Patients and Anesthetic Techniques 


Forty-eight elective surgery patients at the UCLA 
Health Sciences Center Hospital and Dental Clinic 
consented to participate in and completed all phases 
of the experiment. (Four patients were invited but 
declined to participate in the experiment. Twenty- 
nine patients consented to participate but did not 
complete the experiment, either because of failure to 
return for scheduled postoperative testing (18 cases) 
or technical difficulty in presenting or in testing the 
memory material (11 cases).) Of these 48 patients, 24 
underwent major orthopedic surgery (e.g., Harring- 
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ton rod removal or total hip replacement) and 24 
underwent minor oral surgery (e.g., extraction of im- 
pacted third or fourth molars). Although both types 
of surgery were performed using general anesthesia, 
the specific anesthetic techniques involved in each 
type were different, as will be detailed shortly. By 
incorporating surgery type (orthopedic vs oral) into 
the design of the present experiment, we sought to 
increase the generality of our results. 

Orthopedic and oral surgery patients averaged 31.3 
and 24.4 yr of age, respectively; about 67% of the 
patients in both samples were women. The criteria 
for inclusion in either sample were age (18-50 yr); 
intact hearing; fluency in spoken and written English; 
anesthesiologist’s ASA class rating of I or II; no history 
of cerebrovascular disease, neurological damage, or 
concurrent medical problems that would seriously af- 
fect surgical prognosis; no past or present drug ad- 
diction; and no chronic treatment with psychiatric 
medication. | 

‘For purposes of orthopedic surgery, patients re- 
ceived a narcotic for preanesthetic medication, either 
meperidine or morphine, usually combined with di- 
azepam,’ hydroxyzine, or promethazine. Induction of 
anesthesia was with sodium thiopental, and anes- 
thesia was maintained with nitrous oxide-oxygen plus 
enflurane, halothane; isoflurane, fentanyl, or meper- 
idine. Muscle relaxants used were atracurium, pan- 
curonium, or succinylcholine. Respiration was con- 
trolled and, when appropriate, antagonism of the 
neuromuscular block was accomplished with-either 
edrophonium, neostigmine, or pyridostigmine. For 
purposes of oral surgery, anesthesia was produced 
with sodium hexobarbital and was preceded by the 
administration of an analgesic, an anxiolytic, and an 
anticholinergic agent (butorphanol, diazepam, and 
glycopyrrolate, respectively). 


Test Procedures and Materials 


Patients were individually interviewed on two occa- 
sioris: once preoperatively (about one day prior to 
scheduled orthopedic surgery; about 1 hr prior to 
scheduled oral surgery), and again postoperatively 
(on the average, 4.1, days after orthopedic surgery; 
4.8 days after oral surgery). Both interviews were con- 
ducted either in the patients’ rooms or in a secluded 
corner of the dental clinic. 

At the outset of the preoperative interview, the 
patients were informed that the purpose of the ex- 
periment was to examine the effects of general an- 
esthetics on memory for verbal material. To that end, 
they would be auditorily presented, either before or 
during surgery, with a list composed of short descrip- 
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tive phrases (laguna BEACH, true BLUE, and my fair . 
LADY were read as examples), and would be tested 
for retention of the phrases several days after surgery. 

Once they had read and signed a detailed (and 
UCLA approved) consent form, the patients were told 
whether the list would be presented to them before 
surgery (in which case the list was presented in the 
manner described beléw) or during surgery (in which 
case the preoperative interview was concluded). The 
assignment of patients to presentation conditions 
(preoperative vs intraoperative) was both random and 
counterbalanced across surgery types. 

Every patient was presented, either preoperatively 
or intraoperatively, with one of two equivalent lists 
(designated as lists A.and B), each composed of 12 
different descriptive phrases. Each phrase consisted 
af a homophone and oné or two words that were 
intended to bias the homophone’s less common inter- 
pretation (e.g., dinnerat EIGHT, grecian URN). Based 
on normative data (17), the probability of spelling a 
given homophone in line with its less common inter- 
pretation (e.g., EIGHT as opposed to ATE) averaged 
0.266 for list A and 0.264 for list B. Every patient was 
presented with his or her randomly assigned list 12 
times, in-a different random order of phrases each 
time, at a rate of 3 sec/phrase, for a total presentation 
time of 7.2 min. An audio cassette containing the 12 
presentations of list A and a second cassette contain- 
ing the 12 presentations of list B were recorded in a 
male voice and were alphabetically coded; throughout 
the course of the experiment, no one involved in in- 
terviewing or testing the patients knew the specific 
contents of either cassette. For purposes of preoper- 
ative presentation, the experimenter was solely re- 
sponsible for fitting the patients with stereo head- 
phones and for playing them the appropriate cassette 
at a comfortable listening volume of approximately 60 
dB; for purposes of intraoperative presentation, the 
experimenter was assisted in carrying out these duties 
by the attending anesthesiologist. To ensure that pa- 
tients assigned to the intraoperative presentation con- 
dition were adequately anesthetized while the cas- - 
sette was being played, presentation of the appropriate _ 
list began when the initial surgical incision was made. 

At the outset of the postoperative interview, the 
patients were asked to recall any experiences or dreams 
they might have had during surgery. Next, half of 
the patients were given a test of spelling followed by 
a test of recognition; the remaining patients com- 
pleted these tests in the reverse sequence. The as- 
signment of patients to test orders (spelling followed 
by recognition vs recognition followed by spelling) 
was random and was counterbalanced across both 
surgery types and presentation conditions. 
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For the spelling test, patients were read a list of 48 
words and were asked to spell each word aloud. Of 
the 48 test words, 12 were old homophones (ones that 
had been presented to a particular patient either pre- 
operatively or intraoperatively), 12 were new homo- 
phones (ones that had not been previously presented 
to that patient), and 24 were new nonhomophones 
(words not previously presented, intended to prevent 
the patient from becoming sensitized to the homo- 
phonic nature of the other items included in the test 
list). The 48 test words were recorded in a random 
order on audio tape by the same person whose voice 
appeared on the list-presentation cassettes, and were 
read to the patients at a rate of 6 sec/word. If a patient, 
when probed with one of the test homophones, ex- 
pressed uncertainty as to which spelling to give, he 
or she was asked to spell the word in line with the 
first interpretation that came to mind. 

For purposes of the recognition test, the patients 
were read a rerandomized tape-recorded list of the 
same 48 words that had been (or would be) tested for 
spelling. As each test word was read, the patients 
were asked to state aloud whether the word was “old” 
(one that a particular patient recognized as raving 
been presented either preoperatively or intraopera- 
tively) or whether it was “new” (a word that had not 
been presented either before or during surgery). The 
test of recognition, like that of spelling, was patient- 
paced. On completion of the last test (either recog- 
nition or spelling), the patients were thoroughly 
debrieted. 


Results 
Recall 


Of the 48 patients who participated in this experi- 
ment, 42 professed to be completely amnesic for events 
that had taken place while they were anesthetized. 
Of the remaining six patients, four had a vague rec- 
ollection of having dreamt during surgery, and two 
provided accurate retrospective reports of actual in- 
traoperative events. One of the latter two patients was 
a young man who, while driving home several hours 
after oral surgery, suddenly remembered hearmg the 
phrase grecian URN while he was asleep under anes- 
thesia. The patient could not recall how often he had 
heard the phrase—it had in fact been presented to 
him 12 times—and he did not remember ever being 
awake or aware during surgery. 

The only other patient who was able to recall spe- 
cific intraoperative events did remember being aware 
of her surroundings during oral surgery. This was a 
young woman who claimed that she had clearly heard 
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the list of descriptive phrases, and had been pleas- 
antly distracted by their presentation. Nevertheless, 
the patient could not recall any of the phrases, and 
her performance on the tests of homophone recog- 
nition and spelling did not exceed chance. More in- 
terestingly, the patient also claimed that shortly after 
the list had been presented and the headphones had 
been removed, she heard someone complain of dif- 
ficulty in placing an intravenous tube in her arm and 
someone else complain about her weight. Two in- 
dependent observers confirmed to us that these com- 
plaints had indeed been made. The patient was un- 
derstandably disturbed not only by what she had heard, 
but also by her surgeon’s s skeptical attitude towards 
her story. While the patient’s story is unusual, and 
therefore apt to be disbelieved, it is by no means 
unique: anecdotal accounts of patient awareness dur- 
ing general anesthesia have been appearing in the 
literature for years (18,19), and the circumstances un- 
der which such awareness occurs has been a subject 
of enduring clinical concern (20,21). 


Recognition and Spelling 


Results of the recognition test, in the form of mean 
proportions of old and new homophones that were 
classified as “old” (recognition hits and false alarms, 
respectively), are depicted in Figure 1 as a function 
of presentation condition. Inspection of these results 
reveals that although the patients had little difficulty 
discriminating between new homophones and ones 
that had been presented before surgery (recognition 
hits outnumbered false alarms by roughly a 3:1 mar- 
gin), they were at a complete loss to distinguish new 
homophones from ones that had been presented dur- 
ing surgery (false alarms slightly outnumbered rec- 
ognition hits). The combination of these sharply con- 
trasting patterns produced a highly significant 
interaction between presentation conditions (preop- 
erative vs intraoperative) and homophone types (old 
vs new) [F(1/40) = 57.99, MSe = 0.05, P < 0.01]. This 
interaction was evident in the recognition perform- 
ance of both the orthopedic and the oral surgery pa- 
tients (P > 0.10), and it emerged irrespective of whether 
recognition was tested before or after spelling (P > 
0.10). 

Results of the spelling test paralleled those found 
for recognition. As is apparent in Figure 2, the prob- 
ability of spelling a homophone in line with its biased 
or less common interpretation was higher for old than 
for new homophones, but only if the old homophones 
had been presented in their biased forms before rather 
than during surgery. Analysis of the spelling data 
demonstrated that the interaction of presentation con- 
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Figure 1. Mean proportions of old and new homophones that were 
classified as “old” in the test of recognition memory unde: con- 
ditions of preoperative and intraoperative presentation (black and 
gray Dars, respectively). 


ditions with homophone types was both reliable [F(1/40) 
= 9,24, MSe = 0.04, P < 0.01] and consistent across 
surgery types and test orders (Ps > 0.10). Viewed as 
a whole, our results strongly suggest that intraoper- 
ative events are neither consciously remembered nor 
retained in a form that is expressable through non- 
reflective verbal behavior. Implications of the present 
results for future studies of surgical memory and 
awareness are discussed in the next section. 


Discussion 


Evidence from several studies (10-15) suggests that 
surgical patients cannot consciously remember events 
that occur in the context of anesthetic unconscious- 
ness. On the basis of this evidence, many clinicians 
and researchers have assumed that sensory stimuli 
are neither registered nor retained in the anesthetized 
state. However, the available data do not rule out the 
possibility that intraoperative events leave lasting 
impressions in memory that can be revealed only 
through the performance of postoperative tests that 
do not require conscious or reflective forms of re- 
membering. More simply stated, it 1s possible that 
postoperative patients know something about intra- 
operative events, but do not know that they know. 
In the present study, we sought—but failed to find— 
evidence of a dissociation between memory and 
awareness of memory for intraoperative events. Par- 
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Fi Sut 2. Mean proportions of old and new homophones that were 
spelled in line with their less common interpretations under con- 
ditions of preoperative and intraoperative presentation (black and 
gray bars, respectively). 


ticipants in this study showed no sign of memory for 
verbal material (semantically biased homophones) to 
which they had been exposed repeatedly during sur- 
gery, regardless of whether their memory was tested 
by a test that required remembering to be deliberate 
or intentional (viz., recognition), or by a test that did 
not demand awareness of remembering (viz., spell- 
ing). Because patients who had studied the same ma- 
terial preoperatively provided clear evidence of re- 
tention through their performance on both the 
recognition and the spelling test, it cannot be argued 
that patients in the intraoperative presentation con- 
dition did not stand a chance of scoring highly on 
either test. It can be argued, however, that the chances 
of demonstrating effects of memory for intraoperative 
events might have been better had the patients been 
presented with information pertinent to their well being ` 
rather than with personally irrelevant items, had pre- 
sentation of the information coincided with a tran- 
sient or sustained lightening of the patients’ anes- 
thetic level, or had the patients performed a 
nonreflective test of retention that involved motor or 
physiologic reactions rather than verbal report (22~25). 
Whether there is any substance to these arguments 
is an important issue that remains to be settled through 
future experimental studies of surgical memory. At 
present, however, the conclusion appears compelling 
that intraoperative events cannot be postoperatively 
remembered—either with or withqut awareness. 
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KIM YD, NEMATZADEH D, LEES DE, WOLF PH, 

ROSE JC, KOT PA, MACNAMARA TE. Halothane effects 
on subendocardial oxygen supply-demand balance: 
estimation from intramyocardial tissue pressure and left 
ventricular pressure. Anesth Analg 1985;64:1149-55. 


We evaluated the effect of halothane on the balance of sub- 
endocardial oxygen supply and demand in six dogs by es- 
trmating the endocardial viability ratio (EVR) based on the 
pressure generated within the subendocardtumt (ENDO-IMP), 
Concurrently, the conventional EVR based on left ventric- 
ular pressure (LVP) was estimated and compared with the 
EVR based on ENDO-IMP. The subendocardial oxygen 
supply-demand ratio based on ENDO-IMP (IMP-EVR) 
was significantly less than EVR based on LVP (LVP-EVR) 
(0.87 + 0.03 vs 1.07 + 0.06, P < 0.05) during the control 
period. With 0.5% halothane administration, IMP-EVR 


improved significantly (1.04 + 0.07, P < 0.05) while LVP- 
EVR remained unchanged (1.08 + 0.09). No further changes 
in EVR (either IMP-EVR or LVP-EVR) were observed with 
increasing halothane concentrations up to 2%. The rela- 
tionship between the two indices was weak (© = 0.44, 
P < 0.001) but statistically significant. Because an estimate 
of EVR based on direct measurement of subendocardial tis- 
sue pressure IMP-EVR) would reflect more accurately the 
oxygen supply—demand balance of this region than the LVP- 
EVR, our results suggest that the oxygen balance of the 
subendocardium improves with halothane administration. 
The use of LVP-EVR as a hemodynamic index of suben- 
decardial oxygen balance during halothane anesthesia, 
therefore, is questionable, 


Key Words: ANESTHETICS, votatite—halothane. 
HEART—myocardial oxygenation. 
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The subendocardial layer of the left ventricle (LV) is 
most vulnerable to ischemia in patients with and with- 
out coronary artery disease (1-4). The endocardial 
viability ratio (EVR), the ratio of the diastolic pres- 
sure-time index (DPTI) to the systolic pressure-time 
index (SPTI) calculated from left ventricular pressure 
(LVP) and aortic pressure (AP), has been proposed 
as a hemodynamic assessment of subendocardial ox- 
ygen balance (1-5). The validity of this ratio is based 
on the hypothesis that subendocardial muscle is per- 
fused only in diastole and the subendocardial and 
total left ventricular oxygen needs change in the same 
direction. However, the confidence with which the 
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EVR can predict subendocardial ischemia varies widely 
under various conditions. Some investigators have 
cautioned against the clinical application of EVR with- 
out full knowledge of its limitations (2,4-6). 

The validity of EVR as an index of subendocardial 
ischemia largely depends on how closely LVP rep- 
resents the stress that is actually developed in the 
subendocardial region (4,6,8). The interstitial fluid 
pressure of the myocardium is referred to as intra- ` 
myocardial pressure (IMP). Several investigators em- 
ploying different methods to estimate IMP have sug- 
gested that systolic IMP represents regional myocardial 
stresses (5-14). Thus systolic IMP closely reflects re- 
gional myocardial oxygen consumption. Likewise, di- 
astolic IMP is a major factor regulating regional myo- 
cardial perfusion (1,4,6,9,13,15). Marzilli et al. (6) 
reported that the subendocardial blood supply and 
metabolic demand ratio calculated directly from the 
measurement of subendocardial IMP was substan- 
tially lower than EVR estimated from LVP. This sug- 
gests that conventional EVR reflects subendocardial 
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oxygen balance accurately only if changes in LVP are 
equal to changes in subendocardial IMP. However, it 
is likely that a discrepancy exists between the changes 
in subendocardial IMP and LVP with various inter- 
ventions (4,6,8,11). In an earlier study, we showed 
that halothane depresses subendocardial IMP more 
than LVP (16). The objectives of the presen? study 
were to assess the effects of halothane on subendo- 
cardial oxygen balance by estimating the EVR cirectly 
from the IMP generated in the subendocardium: (IMP- 
EVR), and to compare IMP-EVR with the conven- 
tional EVR based on LVP (LVP-EVR). A list of abbre- 
viations is given in Table 1. 


Methods 


Six healthy mongrel dogs weighing 18-30 kg were 
anesthetized with intravenous sodium pentotarbital 
(25-30 mg/kg), and the tracheae were intubated. Con- 
stant volume (tidal volume of 15 ml/kg), intermittent 
positive-pressure ventilation was instituted with 100% 
oxygen. Frequent analysis of arterial blood gases was 
performed. Ventilatory rate was adjusted to maintain 
normocarbia. Normal pH was maintained with intra- 
venous sodium bicarbonate as needed. Body tem- 
perature was maintained at 36-37°C with a heating 
lamp and water blanket. A polyethylene catheter was 
Cee mio a femoral san and H 9% saline solution 
7 with an 
SOn pump. During Eta a supple- 
mental sodium pentobarbital (3-6 mg/kg) was admin- 
istered intravenously whenever the dogs showec signs 
of awakening from anesthesia, such as eyelid reflex 
or slight movements. Supplemental sodium pento- 
barbital was not administered during the stabilization 
period or during halothane administration. A leit tho- 
racotomy was performed at the fourth intercostal space 
and the pericardium incised longitudinally from apex 
to base. Traction sutures were placed along the cut 
edges of the pericardium and carried up to the chest 
wall to expose the anterior wall of the LV. Care was 
- taken to avoid excessive torsion of the heart about the 
great vessels. A high pressure polyvinylchloride (PVC) 
catheter (length 22 cm, inner diameter 0.2 cm, vclume 
capacity 0.87 ml/30 cm) connected to a Statham F23Db 
transducer, was inserted into the LV cavity via the 
apical dimple for LVP measurements. An identical 
PVC catheter-Statham pressure transducer systema was 
also positioned in the descending thoracic aorta (within 
20 cm from ascending aorta) via a femoral artery for 
AP measurements. 
Endocardial IMP (ENDO-IMP) was measured with 
a Mikro-Tip catheter transducer (Millar Instruments, 
Inc., Houston, TX). This catheter-tip transducer con- 
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LV Left ventricle 

EVR Endocardial viability ratio 

IMP Intramyocardial pressure 

ENDO-IMP Pressure generated within the subendocardium 

DPT Diastolic pressure—time index 

SPTI Systolic pressure—time index 

LY? Left ventricular pressure 

AP Aortic pressure 

IMP-EVR Subendocardial oxygen supply-demand ratio 
based on ENDO-IMP 

LVP-EVR EVR based on LVP 


PVC catheter Polyvinylchloride catheter 


sists of an ultraminiature strain-gauge mounted on 
the tip of a 30-mm long, 16 gauge stainless steel hy- 
podermic needle. This assembly permits easy inser- 
tion to any depth of the myocardium. The Mikro-Tip 
catheter transducer technique for the measurement 
of IMP was previously evaluated and compared with 
other available methods (14). The well-established ad- 
vantages of this technique are 1) an ability to localize 
pressure measurements at various depths within the 
myocardial wall; 2) minimal trauma and distortion of 
the myocardial tissue at the site of pressure mea- 
surement because of the small volume occupied by 
the “sensor”; 3) a high frequency response (flat within 
2% to 5 kHz) and insignificant time delay (90° at 35 
kHz, about 7 usec); and 4) the ability to simulta- 
neously assess IMP with other hemodynamic events 
without disturbing LV global function (6,9,14,17). 
The IMP needle was inserted perpendicular to the 
LV epicardial surface and passed into the inner quar- 
ter of the LV anterior free wall. The total wall thick- 
ness during systole was measured by inserting a 22- 
gauge spinal needle with premeasured depth marks 
until free blood flow appeared. The depth of the “sen- 
sor” was estimated by subtracting the length of the 
segment of the needle remaining outside the epicar- 
dium from the total length of the needle (up to the 
site of the microtransducer within the needle). Esti- 
mates of the depth and LV free wall thickness were 
also reevaluated by postmortem measurements, al- 
lowing for 28% thickening i in vivo during systole (18). 
Because of the limitations of LV wall thickness mea- 
surements in our study, ENDO-IMP represented the 
pressure generated in the inner quarter of the LV wall. 
While the excellent fidelity of the Mikro-Tip cath- 
eter transducer is well recognized, the dynamic char- 
acteristics of the PVC catheter-Statham pressure 
transducer system used for LVP and AP measure- 
ments were evaluated using the transient-response 
technique (19). The damped natural frequency was 
79 Hz, the damping ratio was 0.20, and the undamped 
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natural frequency was 82 Hz. From data reported by 
Fry (19), the amplitude response would be within 5% 
up to 25 Hz. In addition, measurements of LVP using 
this catheter-transducer system were further evalu- 
ated in vivo by comparison of simultaneous mea- 
surements using a Mikro-Tip catheter transducer. 
Within ranges of heart rate and blood pressure ob- 
served in our laboratory dogs during experiments (heart 
rate and blood pressure changes were induced by 
dopamine infusion, halothane anesthesia, or both), 
neither the amplitude nor the area contained beneath 
the aortic pressure curve measured with this catheter- 
transducer system produced an error greater than 5%. 

Atmospheric pressure was considered zero for the 
ENDO-IMP, AP, and LVP transducers. The trans- 
ducers were made equisensitive before each study. 
The following parameters were then recorded simul- 
taneously on a Gould direct-writing, multichannel re- 
corder: standard limb lead I of the electrocardiogram, 
AP, LVP, and ENDO-IMP. A 40-min period of sta- 
bilization was allowed to elapse before recording con- 
trol values. During this period, no additional pento- 
barbital was administered. The halothane concentration 
of the inspired gas was then varied by 0.5% incre- 
ments up to 2%. Halothane was delivered by a pre- 
calibrated halothane vaporizer (Mark-2). Exposure to 
each concentration of halothane was 20 min long (pre- 
liminary studies showed that all measured pressures 
(AP, LVP, and ENDO-IMP) achieved a plateau within 
15 min). The end-tidal halothane concentration was 
not measured nor assumed to have reached a steady 
state. Values for LVP-EVR as well as IMP-EVR were 
calculated from tracings obtained at paper speeds of 
200 mm/sec (4,6). The area contained beneath the LVP 
curve during systole (from the initiation of ventricular 
isometric contraction to the dicrotic notch of the AP 





ENDO-IMP 190 


EKG 


perairan 
0.50 sec 


1% Halothane 2% Halothane 


Figure 1. Tracings from one experiment showing the effects of 
halothane administration on pressures measured simultaneously 


in the descending thoracic aorta (AP), the left ventricle (LVP), and 
the subendocardium (ENDO-IMP) of the left ventricle. The bottom 
tracing represents standard limb lead II of the electrocardiogram. 
The halothane concentration is indicated at the lower portion of 
the tracing. 


curve) was used as SPTI. The area between the AP 
and LV pressure curves during diastole (from the di- 
crotic notch of the AP curve to the onset of ventricular 
contraction) was used as DPTI. DPTI was then di- 
vided by SPTI to obtain LVP-EVR. In a like manner, 
IMP-EVR was obtained using the ENDO-IMP curve 
instead of the LVP curve. Areas under the pressure 
curves were measured by computer-assisted planim- 
etry with an electronic digitizer (Numonics Corp, North 
Wales, PA) in line with a MINC computer. At the end 
of each experiment, the animal was sacrificed with 
the heart in diastole by intravenous administration of 
a lethal dose of magnesium sulfate. 

Analysis of variance was performed to test whether 
there were significant differences in the variables 
(pressures and EVRs). Bonferroni's multiple compar- 
ison test was then used to isolate which pairwise com-. 
parisons were significantly different. For the com- 
parison of systolic IMP with systolic LVP during 2% 
halothane administration, a paired t-test was per- 
formed. The relationship between IMP-EVR and LVP- 
EVR was analyzed using linear regression analysis. 
A P value less than 0.05 was considered statistically 
significant. Values were expressed as mean + SEM. 


Results 


Representative tracings obtained during one experi- 
ment are shown in Figure 1. Systglic ENDO-IMP de- 
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Table 2. Subendocardial Intramyocardial Pressure, Left Ventricular Pressure, Aortic nEESOUre and Heart Rate with 


Varying Concentrations of Halothane in Six Dogs 


0 (control) 0.5 

ENDO-IMP (torr) 

systole 164 + 6.5 148 + 7.0° 

Diastole -82+19 9 + 2.6 
LVP (torr) 

Systole 142 + 3.29 128 + 4.6" 

Diastole 11 + 1.7 13 + 1.4 
AP (torr) 

Systole 144 + 7.4" 129 + 5.0" 

Diastole 110 + 7.6 98 + 6.9 
HR (beats/min) 124 + 4.8 121 + 5.4 


Values are expressed as mean + SEM. 
‘P < 0.05 compared to systolic ENDO-IMP at each level of halothane. 
*P < 0.05 compared to control values. 


Halothane (%) 


1.0 1.5 2.0 
127 + 7.1° 118 + 6.54 87 + 7.4 
i10 + 1.4 12 + 2.4 13 + 1.2 
118 + 3.8° 105 + 4.1° 89 + 5.7 
14 + 2.2 15 + 1.8 15 + 1.6 
122 + 6.1? 112 + 6.0% 93 + 3,8° 
91 + 7.0° 85 + 5.8” 68 + 4.8° 
108 + 5.0 108 + 4.4 112 + 3.9 


Abbreviations: ENDO-IMP, subendocardial intramyocardial pressure; LVP, left ventricular pressure; AP, aortic pressure; HR, heart rate. 


Table 3. Estimated Endocardial Viability Ratio with Varying Concentrations of Halothane in Six Dogs 


0 (control) 0.5 
LVP-EVR 1.07 + 0.06 1.08 + 0.09 
IMP-EVR 0.87 + 0.03 1.04 + 0.07 


Values are expressed as mean + SEM. 


‘P < 0.05 LVP-EVR compared to IMP-EVR at each halothane concentration. 


*P < 0.05 values compared to control. 


Halothane (%) 
1.0 1.5 2.0 
1.09 + 0.10 1.05 + 0.09 1.03 + 0.12 
1.07 + 0.11? 1.03 + 0.07% 1.00 + 0.08? 


Abbreviations: EVR, endocardial viability rate; LVP-EVR, EVR based on left ventricular pressure; IMP-EVR, EVR based on endocardial intramyocardial! 


pressure. 


creased from 150 mm Hg during the control period 
to 140 mm Hg with 1% halothane and further declined 
to 100 mm Hg with 2% halothane. Systolic LVP de- 
creased from 140 mm Hg during control to 135 mm 
Hg at 1% halothane and further decreased to 100 mm 
Hg with 2% halothane. The effects of 2% halothane 
on systolic ENDO-IMP and LVP were not uniform. 
Systolic ENDO-IMP decreased to a greater degree than 
systolic LVP. 

The data for all six animals are summarized in Table 
2. During the control period (0% halothane), systolic 
- ENDO-IMP was significantly greater than LVP or AP. 
As halothane concentration of the inspired gas was 
increased from 0 to 2%, systolic ENDO-IMP, LVP, 
and AP decreased progressively; but the decreases 
were not.uniform. Systolic ENDO-IMP decreased 
(47 + 1.4%) more than systolic LVP (36 + 1.1%) when 
2% halothane was administered (P < 0.05). When 
halothane concentration was 1% or higher, systolic 
ENDO-IMP approximated that of systolic LVP. Dia- 
stolic ENDO-IMP was slightly lower than LV diastolic 
pressure during the control period as well as during 
halothane administration, but the differences were 
not statistically significant. Heart rate remained un- 
changed with halothane administration. 


Values for LVP-EVR under pentobarbital anes- 
thesia alone (control, 0% halothane), were signifi- 
cantly higher than for IMP-EVR (Table 3). With 0.5% 
halothane administration, however, IMP-EVR im- 
proved significantly and approximated -LVP-EVR, 
which remained unchanged. No further changes in 
IMP-EVR or LVP-EVR were observed with subse- 
quent increases in inspiratory halothane concentra-- 
tion up to 2%. As shown in Figure 2, the relationship 
between IMP-EVR and LVP-EVR during the control 
period was excellent (r? = 0.82,-P < 0.01), but the 
relationship was rather weak during halothane anes- 
thesia (Fig. 3, r? = 0.5, P < 0.001). The relationship 
was further weakened (r? = 0.44, P < 0.001) when 
the values of both the control period (Fig. 2) and 
during halothane anesthesia (Fig. 3) were included 


(Fig. 4). 


Discussion 


Subendocardial ischemia is one of the most common 
forms of myocardial injury during: the perioperative 
period in patients both with and without coronary 
artery disease (1—4). A hemodynamic assessment has 
therefore been introduced to evaluate subendocardial 
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Figure 2. Relationship between endocardial viability ratio (EVR) 
based on left ventricular pressure (LVP-EVR) and EVR estimated 
directly from the subendocardial IMP (IMP-EVR) during the control 
period in six dogs. 


oxygen balance prior to and in critical perioperative 
periods (1-5). Buckberg et al. (5) suggested that rel- 
ative subendocardial oxygen balance can be estimated 
by the ratio of DPTI to SPTI calculated from AP and 
LVP, respectively. This ratio, which is referred to as 
the endocardial viability ratio (EVR), has been utilized 
to predict subendocardial ischemia (1-4). Although 
EVR has been used to predict subendocardial oxygen 
balance in patients with heart disease, the application 
of EVR should be used with caution during the peri- 
Operative period (4-6). The present study demon- 
strated that inhaled halothane in pentobarbital-anes- 
thetized dogs improved EVR based on ENDO-IMP 
UMP-EVR) while the conventional EVR based on LVP 
(LVP-EVR) remained unchanged. Consequently, EVR 
as an index of subendocardial oxygen balance is se- 
verely limited during halothane anesthesia. 

The major factors likely to limit the ability of EVR 
to estimate subendocardial oxygen balance relate to 
the use of SPTI as a measure of subendocardial oxygen 
demand and the use of DPTI for estimation of sub- 
endocardial blood flow (4,6). The use of SPTI to es- 
timate subendocardial oxygen demand is based purely 
on empiric relationships. Although SPTI has been 
shown to change in proportion to total myocardial 
oxygen consumption (4,20), the relationship to sub- 
endocardial oxygen consumption is unknown. 

Subendocardial IMP is the pressure generated in 
the subendocardial region and is a direct reflection of 
average regional myocardial stresses (6-15). There- 
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Figure 3. Relationship between endocardial viability ratio (EVR) 
based on left ventricular pressure (LVP-EVR) and EVR estimated 
directly from the subendocardial IMP (IMP-EVR) during varying 
concentrations of halothane in the inspired gas. 


fore, it is likely that subendocardial systolic IMP would 
be more closely related to subendocardial oxygen con- 
sumption than systolic LVP (4,6,8). Systolic suben- 
docardial IMP has been reported to be higher, lower 
or the same as systolic LVP (6-8,12). This discrepancy 
has been attributed to the method of IMP measure- 
ment. Although no method for measuring IMP is free 
of all artifact, it has been generally agreed that the 
microtransducer method is the most reliable tech- 
nique (6,9,10,14). Utilizing Mikro-Tip catheter trans- 
ducers, Marzilli et al. (6) demonstrated that systolic 
subendocardial IMP is significantly greater than sys- 
tolic LVP in intact dog hearts. Our results are con- 
sistent with their findings (14,16). SPTI based on LYP 
can be used as an index of subendocardial oxygen 

consumption only if LVP changes are proportionally 
and directionally the same as ENDO-IMP changes (6). 
However, this is not the case because sympathetic 
stimulation of infusion of positive inotropic agents 
increased systolic ENDO-IMP to a greater degree than 
systolic LVP, and negative inotropic agents appear to 
suppress systolic ENDO-IMP more than systolic LVP 
(7,21-23). This may explain in part why some inter- 
ventions, such as B-blockers, calcium, and norepi- 
nephrine infusion cause the relationships between SPTI 
and myocardial oxygen consumption to be poor (24,25). 
In our previous study (16), halothane selectively de- 
creased systolic ENDO-IMP more than systolic LVP. 
This suggests that SPTI based on LVP is a poor index 
of subendocardial oxygen consumption with halo- 


* 


* 


1154 ANESTH ANALG 
1985;64:1 149-55 





2.0 
1.5 
x O <$ 
-> Oe 
a. O wa 
> 1.0 s Age 
-l @ e z : 
e@ 
@ oor 
° a 0.74X + 9.32 
r“=0.44 
0.5 p<0.001 





0.5 1.0 1.5 2.0 
IMP-EVR 


Figure 4. Relationship between endocardial viability ratio based on 
left ventricular pressure (LVP-EVR) and EVR estimated directly 
from the subendocardial IMP (IMP-EVR) during control period (©) 
and different concentrations of halothane in the inspired gas (@). 


thane anesthesia. In the present study, similar find- 
ings were observed. Halothane administration de- 
creased systolic ENDO-IMP more than systolic LVP, 
and systolic ENDO-IMP approached systolic LVP when 
halothane concentration was 1% or higher. These 
findings explain in part why LVP-EVR showed a weak 
relationship with IMP-EVR with halothane anesthesia. 

Diastolic ENDO-IMP did not differ significantly from 
left ventricular end-diastolic pressure (LWEDP). 
Therefore DPTI based on diastolic LVP was not sig- 
nificantly different from the estimates based en dia- 
stolic ENDO-IMP. Our data regarding diastohc IMP 
are in agreement with previous reports (6,23,26). Epi- 
cardial diastolic IMP is known to be substantially higher 
than LVEDP and subendocardial diastolic IMP (6,9). 
This suggests that epicardial diastolic IMP may have 
a significant effect (as an extravascular compression) 
upon the penetrating vessels as they pass through the 
epicardial region. If so, estimation of endocardiai blood 
flow from the diastolic ENDO-IMP may have to be 
modified by taking into consideration the epicardial 
diastolic IMP. This may, in part, account for the high 
coronary zero-flow pressure and the poor correlation 
between subendocardial blood flow and DPTI calcu- 
lated from LVP (27,28). In our previous study, how- 
ever, diastolic epicardial and endocardial IMP changed 
in the same direction during halothane anesthesia, 
supporting the validity of DPTI as an index ef sub- 
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endocardial oxygen supply (16). This will be partic- 
ularly true when aortic diastolic pressure is high (2). 

In summary, LVP-EVR was higher than IMP-EVR, 
thus overestimating subendocardial oxygen balance 
during the control period. Halothane administration 
improved IMP-EVR, whereas the LVP-EVR remained 
unchanged. Thus the relationship between these two 
indices was weak during halothane anesthesia. Be- 
cause the IMP-EVR is more closely related to sub- 
endocardial oxygen balance than to LVP-EVR, halo- 
thane anesthesia seems to improve subendocardial 
oxygen balance in the intact dog heart. Further studies 
of low-dose halothane as a component of clinical anes- 
thesia in patients with ischemic heart diseases are 
warranted. 
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Thiopental Requirements May Be Increased in Children 
Reanesthetized at Least One Year after Recovery from Extensive 


Thermal Injury 


Charles J. Coté, MD, and A. John Petkau, PhD 





COTE Cj, PETKAU AJ. Thiopental requirements may be 
increased in children reanesthetized at least one year after 
recovery from extensive thermal injury. Anesth Analg 
1985;64:1156—-60. 


Clinical observations suggested that children long recovered 
from burn injury required larger doses of thiopental for a 
smooth anesthetic induction. A prospective randomized study 
examined children 6-16 yr old, with greater than 15% burn, 
and more than 1 year after injury, for loss of lid reflex (LR), 


corneal reflex (CR), and acceptance of the anesthesia mask 


(AM) 60 sec after administration of thiopental. Children 
were unpremedicated, received the thiopental (2.5%) through 
a rapidly running peripheral intravenous line, and received 
either 2, 3, 4, 5, 6, 7, or 8 mg/kg. LR, CR, and AM were 
examined at 30, 60, and 90 sec. Blood pressure and heart 
rate were recorded for those patients receiving 7 or 8 mg/kg 
thiopental. The mean age was 12.0 + 0.5 yr, weight 

43.9 + 2.9 kg, % burn 44.7 + 2.9, time since burn 68.4 
+ 7.7 months, and time since previous thiopental 25.1 + 


6.6 months. The estimated EDs (95% confidence limits) 


for loss of LR was 4.78 (3.95-5.78) mgikg; for loss of CR 


was 7.04 (4.87-10.10) mg/kg; and for AM was 6.74 
(4.68-9.71) mg/kg. These doses of thiopental were signif- 
icantly greater for LR and AM (P < 0.001) but not CR (P 
= 0.15) compared to non-thermally injured children. There 
were no clinically important or statistically significant de- 
creases in blood pressure while heart rate did increase 11 
beatsimin (P < 0.05) in children who received 7 or 8 melkg. 
These data strongly suggest that thiopental requirements to 
ablate LR and AM in previously thermally injured children 
aged 6~16 yr are significantly greater than in non-thermally 
injured children. Logistic regression found no relationship 
with age, weight, % burn, time since injury, thiopental 


exposures, previous anesthetics, or time since last thiopental 
exposure. 


Key Words: ANESTHETICS, INTRAVENOUS—-thio- 
pental. COMPLICATIONS—burns. 





It has been our clinical impression that children who 
have recovered from major burn injuries require larger 
doses of thiopental than non-thermally injured chil- 
dren to achieve a satisfactory induction to general 
anesthesia. In order to document this observation, we 
undertook a randomized prospective study, exam- 
ining several commonly used indicators for induction 
of anesthesia after thiopental administration: the loss 
of lid reflex (LR), the loss of corneal reflex (CR), and 
acceptance of the anesthesia mask (AM). 
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Methods 


This study was approved by the Subcommittee on 
Human Studies at the Massachusetts General Hos- 
pital and the Shriners Burns Institute. Thirty-six pa- 
tients between the ages of 6 and 16 yr who did not 
want a mask induction or premedication were stud- 
ied. They had previously suffered a greater than 15% 
body surface burn, and desired an intravenous in- 
duction to anesthesia. All children studied were 
scheduled for plastic reconstructive surgery at least 
12 months after acute burn injury; none gave a history 
of taking chronic medications. All were ASA status 
I-II patients who had intact eyelashes. Thiopental 
(2.5%) was administered through a rapidly running 
intravenous line at a dose of 2, 3, 4, 5, 6, 7, or 8 mg/kg. 
The induction doses were chosen by assignment of 
random number. When it became clear that there was 
not a clean upper limit for thiopental requirements, 
additional children were assigned to receive the higher 





THIOPENTAL DOSAGE IN THERMALLY INJURED CHILDREN 


Table 1. Estimated EDs, (95% Confidence Limits) for Loss 
of Each Response in Burned vs Unburned Children (1) 


EDs, (mg/kg) 


Burned Unburned 

Reflex (n = 36) (n = 54) 
Lid 4.78 (3.95 — 5.78) 2.95 (2.40 — 3.61)" 
Corneal 7.04 (4.87 — 10.10) 4.90 (3.47 — 6.92) 


Accept mask 6.74 (4.68 — 9.71) 2.68 (1.98 — 3.62)" 


"P < 0.001; P = 0.15, not significant. 


doses thus accounting for the slight imbalance for 
each dose administered. Patients were divided into 
seven groups based on the dose received. Each pa- 
tient was examined at 30, 60, and 90 sec after thio- 
pental administration for the presence or absence of 
the LR, CR, and AM. The lid reflex was induced by 
gently brushing both lashes with a fingertip. The cor- 
neal reflex was induced by softly touching the cornea 
with a sterile gauze sponge. Mask acceptance was 
assessed by placing the mask gently on the face, mov- 
ing the chin to the “sniffing” position, and beginning 
assisted ventilation. Positive LR and CR responses 
were recorded when blinking followed the stimulus. 
Rejection of the anesthesia mask as assessed in our 
previous study of unburned children, consisted of 
turning the head or pushing the mask with his or her 
hand and not allowing assisted ventilation (1). No 
medications other than oxygen were administered 
during the study period. Additional thiopental was 
administered at 90 sec if clinically indicated as judged 
by movement of the patient, phonation, or coughing. 
Induction was considered satisfactory if there was a 
smooth transition between the initial thiopental and 
the start of general anesthesia. 

All observations were confirmed by an indepen- 
dent physician (resident or staff) not involved in the 
study. These results were compared to the data from 
54 non-thermally injured children previously studied 
in a similar fashion (1). The period 60 sec after thio- 
pental administration was found to be the optimal 
time of examination in the previous study, as it was 
in the present study; this also allowed for comparison 
between this and the previous study. Other data re- 
corded were age, weight, time since burn injury, the 
number of previous known anesthetics, the number 
of previous known exposures to thiopental, and the 
time since last exposure to thiopental. 

Logistic regression analysis established the EDso 
values and was also employed to interpret available 
covariate factors for both studies. Tests of equality of 
EDs) values provided an overall comparison of the 
responses of thermally injured and non-thermally in- 
jured patients. ANOVA was used to compare age data 
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Figure 1. Loss of lid reflex and thiopental dosage in burned (solid 
circle) and unburned children (open circle). The difference between 
groups was significant (P = 0.001). The non-thermally injured 
group was studied at lower doses of thiopental because their clinical 
response was greater. 


between dose groups for both the thermally injured 
and non-thermally injured patients. Two-sample tests 
compared age data and evaluated blood pressure and 
heart rate changes. All results are expressed as 
mean + 1 SEM unless otherwise indicated. Results 
were considered significant when P < 0.05. 


Results 


The estimated EDs, values for loss of LR, CR, and 
AM are presented in Table 1. The EDs) values for LR 
and AM were significantly greater in thermally in- 
jured than in non-thermally injured children (P < 
0.001). Although the estimated EDs for CR was also 
greater in thermally injured than in non-thermally 
injured children, this difference was not significant 
(P = 0.15). 

Figures 1-3 compare the dose-response relation- 
ships between thermally injured (n = 36) and non- 
thermally injured children (n = 54). As is apparent - 
from the figures, there was considerable variability in 
AM response for non-thermally injured and CR re- 
sponse for thermally injured patients, which in part 
accounts for the lack of statistical difference in the 
EDso for CR response in the thermally injured and 
non-thermally injured children (Table 2). The data for 
age, weight, % burn, time elapsed since burn injury, 
the number of previous anesthetics and thiopental 
exposures, and the time since last exposure to thio- 
pental are presented in Table 3. Logistic regression 
for the above variables found none to be explanatory 
in the dose-response relationship. There was no sta- 
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Figure 2. Loss of corneal reflex and thiopental dosage in burned 
(solid circle) and unburned patients (open circle). Cons derable 
variability was observed in the thermally injured children. Thenon- 
thermally injured group was studied at lower doses of th: opental 
because their clinical response was greater, 


tistical difference in age between dose groups for either 
the thermally injured or the non-thermally injured 
patients nor in the overall comparison of the the-mally 
injured to non-thermally injured patients. 

When examining individual reflexes as ind cators 
of satisfactory anesthetic induction it was obvious that 
when LR and CR were present, all 16 patients rejected 
the anesthesia mask. However, of the 12 patien s who 
_lost both LR and CR after thiopental, six accepted and 
six rejected the mask. The remaining eight patients 
had variable responses. Twenty of the 24 patien's who 
did not accept the anesthesia mask required addi- 
tional thiopental to stop patient movement sach as 
turning the head, reaching for the mask, or twisting 
the body. 

The response of blood pressure and heart race was 
recorded only for groups treated with 7 and 8 ng/kg 
thiopental (n = 12 patients). A 2-sample test found 
no significant change (P = 0.20) in systolic blood pres- 
sure at 60 sec (120.0 + 5.4) compared to baseline 
(122.7 + 6.5). There was a significant change ir heart 
rate from 99.8 + 4.8 beats/min a¢ baseline to 170.9 + 
4.4 at 60 sec (P < 0.05). No clinically important de- 
creases in blood pressure (>20% of baseline’ were 
observed in any patient despite the large doses 
administered. 





Discussion 


This study strongly suggests that the thiopental re- 
quirements (ED;,) for the ablation of the LR and ac- 
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Figure 3. Acceptance of the anesthesia mask and thiopental dose 
in burned and unburned patients. Data from both the current study 
and our previous study of non-thermaily injured children includes 
only patients who refused to accept the anesthesia mask preop- 
erativ sue P vary was 2O ed in ae non- ede 


ee of thiopental becas their dlinical response was eg. 


ceptance of the anesthesia mask in previously ther- 
mally injured children are significantly higher 
compared to a similar group of non-thermally injured 
children (P < 0.001). The first 20 thermally injured 
children were studied concurrently with the non- 
thermally injured children; however, it took 15 months 
to collect 16 more children who did not want a pre- 
medication and did want an intravenous induction to 
anesthesia. Therefore, strict statistical comparison be- 
tween the two groups (thermally injured and non- 
thermally injured children) is not sound because both 
studies were not carried out simultaneously. The ap- 
parent altered response of the thermally injured chil- 
dren was not correlated with age, weight, % burn, 
number of previous thiopental exposures, time since 
injury, or time since last exposure to thiopental when 
these additional explanatory variables were consid- 
ered individually. Although the mean dose for the 
ablation of the CR was higher in the thermally injured 
patients, we could not demonstrate a statistical dif- 
ference, primarily because of the variable response 
(and small sample size) in the thermally injured group 
(Table 2). We cannot completely rule out that these 
apparent increased thiopental requirements might be 
related to prior anesthetic experience, because 22 of 
the 54 non-thermally injured children to which the 
thermally injured children were compared were anes- 
thetized for the first time, thus making a strict com- 
parison difficult. On the other hand to perfectly match 


THIOPENTAL DOSAGE IN THERMALLY INJURED CHILDREN 


Table 2. Mean Age and % of Burned Patients who Lost 
their Reflexes at 60 sec after Injection of Thiopental 








Thiopental Mean age Lid Corneal Accept 
(mg/kg) (yr) n reflex reflex mask 
2 12.0 4 0 0 0 
3 11.3 4 0 0 0 
4 12.4 5 40 40 20 
5 10.4 5 60 40 40 
6 125 6 67 17 33 
7 11.5 6 100 67 67 
8 13.0 6 83 50 50 


patients for age, anesthetic experience, and induction 
preference would take years to accomplish. Thus we 
are left with a less than ideal control population. 

The pharmacologic responses to medications ad- 
ministered to acutely burned patients may be altered 
by many factors, e.g., there is an increase in glomer- 
ular filtration rate and volume of distribution, there 
are alterations in protein binding, cardiac output is 
increased, there is possible interaction with other 
medications, or altered hepatic metabolism (2-5). 
Studies in acutely burned adults and children have 
found significant increases in the requirements of 
nondepolarizing neuromuscular blocking agents 
compared to unburned patients in order to achieve 
the same degree of neuromuscular blockade (5,6). This 
increased requirement is partly explained by in- 
creased protein binding and may be related to “changes 
at the target tissue” (7). The present study demon- 
strates a change in the clinical response to thiopental 
that apparently persists for years after recovery from 
acute injury. 

The cause for this apparent altered patient re- 
sponse is unclear. The time lapse since thermal injury 
(mean 68 months) makes the above-described factors 
such as hypermetabolism, altered cardiac output, in- 
creased glomerular filtration rate, altered protein 
binding, or volume of distribution unlikely. The lack 
of a chronic medication history in these children prob- 
ably rules out exogenous drug interaction. Acute tol- 
erance to thiopental is well documented; however, in 
this study there was no correlation with time since 
last exposure or number of thiopental exposures (8). 
Since these children were unpremedicated it is pos- 
sible that elevated levels of anxiety and the compen- 
satory catecholamine response associated with this 
may have contributed to the resistance to thiopental 
induction. However all of these children were expe- 
rienced patients and requested an intravenous in- 
duction (9). The thermally injured children in this 
study were slightly older (mean 12.0 yr) than the group 
of non-thermally injured children studied previously 
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Table 3. Vital Statistics of the Population Studied 


Mean + SEM Range 


= 





Age (yr) 12.0 + 0.5 6-15 
Weight (kg) 43.9 + 2.9 18-81 
% Burn 44.7 + 2.9 15-80 


Time since burn (months) 68.4 + 7.7 12-144 


RBREBRRKS 


Previous thiopental exposures 5.8 + 1.1 0-13 
Previous anesthetics 11.7 + 1.05 3-25 
Time since last thiopental Pi e E 3-144 


(months) 


(mean 10.9 yr); however, detailed statistical analysis 
found no statistically significant differences between 
groups. Further, age was not found to be explanatory 
in the dose-response relationship for either the ther- 
mally injured or the non-thermally injured patients. 
This suggests that some other unknown factor has an 
influence on the observed responses. 

The observation that despite the loss of both CR 
and LR, 50% of thermally injuréd children tequired 
more thiopental to achieve a satisfactory induction is 
consistent with our previous study of non-thermally 
injured children (1). 

Concerns regarding adverse cardiovascular events 
after a Jarge bolus of thiopental were not borne out. 
We limited our cardiovascular observations to the two 
highest doses of thiopental because we had no prior 
experience administering such large doses as a bolus. 
Our experience with the 12 patients in the current 
study who received a bolus of 7-8 mg/kg thiopental 
revealed none to have clinically important changes in 
systolic blood pressure after thiopental. The heart rate 
did however increase a mean of 11 beats/min; this 
probably represents a reflex response to venodilata- 
tion (10). 

In summary, thermally injured children between 
the ages of 6 and 16 who have recovered from their 
acute injury require about 62% more thiopental than 
non-thermally injured children to ablate the lid reflex 
and 151% more thiopental to accept an anesthesia 
mask and begin assisted ventilation. This may be an. 
important consideration for those children who re- 
quire a rapid smooth anesthetic induction, especially 
under circumstances such as a full stomach, gastroe- 
sophageal reflux, or hiatus hernia. If such patients are 
normovolemic, then 7 to 8 mg/kg thiopental would 
seem to be a reasonable induction dose to assure a 
well-sedated child during laryngoscopy and intubation. 


We thank Drs. J.F. Ryan and R.J. Kitz for their careful review, as 
well as Drs. L. Liu, N. Goudsouzian, S. Firestone, D. Dedrick, S. 
Szyfelbein, C. Rosow and the anesthesia residents for their assis- 
tance with this study. 
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Epidural Ketamine for Control of Postoperative Pain 


Jose-Adolfo Islas, MD, Jorge Astorga, MD, Miguel Laredo, MD 





ISLAS JA, ASTORGA J, LAREDO M. Epidural ketamine 
for control of postoperative pain. Anesth Analg 
1985;64:1161-62. 


The study was undertaken to evaluate the postoperative pain 
control ability of Ketamine injected into the epidural space. 
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We conclude thaé it produces potent postoperative analgesia 
without major respiratory depression or other side effects. 


Key Words: ANESTHETIC TECHNIQUES, epipv- 
RAL—-ketamine. PAIN— postoperative. ANESTHET- 
ICS, INFRAVENOUS——ketamine. 
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Ketamine hydrochloride is a potent analgesic and an 
anesthetic (1,2). Other analgesics, like opioids, have 
been shown to effectively relieve postoperative pain 
when injected into the epidural space (3,4). Ketamine 
injected into the epidural space has not been evalu- 
ated for postoperative pain control, and therefore the 
present study was undertaken. 


Methods 


Fifty patients scheduled for elective operations in lower 
abdomen, perineum, or lower extremities were stud- 
ied. For all patients, written consent was obtained 
preoperatively, and a detailed neurologic examination 
was carried out. Operative anesthesia with lido- 
caine or bupivacaine was provided, using a catheter 
inserted at the L3—4 interspace into the epidural space. 

In the recovery room, after operative anesthesia 
had worn off, patients were asked to classify pain as 
mild, moderate, or severe. Baseline levels of pain in- 
tensity, blood pressure, respiratory rate, and sensory 
and motor function below T10 were recorded. Keta- 
mine hydrochloride, 4 mg, diluted in 10 ml 5% dex- 
trose in water was then injected via the epidural cath- 
eter. All patients received only one injection each of 
ketamine. Patients were observed until either pain 
returned or 6 hr had elapsed. All measurements made 
before injection of ketamine were repeated 5, 10, 15, 
and 30 min, and every half-hour thereafter until pain 
returned or until the study was discontinued after 6 
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hr. Within 24-72 hr of the injection, neurologic ex- 
amination was repeated. 


Results i 

Patient population, the types of operations, and the 
severity of postoperative pain are summarized in Ta- 
bles 1, 2, and 3. Pain reljef, defined as the absence of 


‘pain or the presence of only mild pain, was obtained 


in all patients treated with epidural ketamine. The 
onset of analgesia was detectable within 5-10 min and 
it was complete within 15-30 min. The mean duration 
of pain relief averaged 4.06 + 1.34 hr sp (range 1.5-5.5 
hr). The duration of pain relief varied from 1.5 hr in 
three cases to over 5 hr in 42% of the cases. In 60% 
of the cases pain relief exceeded 4 hr. 

There was no evidence of respiratory depression, 
urinary retention, or other side effects in any patient, 
and there were no postoperative neurologic sequelae. 
The epidural injection of ketamine produced no 
discomfort. 


Discussion 

These results demonstrate that epidural ketamine 
provides postoperative analgesia. The cardiovascular 
effects usually associated with the use of ketamine (5) 
were not observed, nor was there evidence of sen- 
sory, motor or sympathetic block. The absence of neu- 
rologic changes apart from pain relief suggest that 
selective epidural analgesia was achieved. 

Ketamine has been administered intrathecally to 
baboons without side effects (6) and epidurally to hv- 
mans suffering from intractable pain (7). In view of 
the small amounts of ketamine used epidurally and 
intrathecally, it is unlikely that the effects are due to 
systemic absorption of the drug. Also, although pla- 
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Table 1. Patient Population and Initial Postoperative 
Pain Intensity 





Initial pain intensity 











Age" 
Sex (1) (vr) Mild Moderate Severe 
Male (27) 53.4 + 18.1 1i 5 H 
Female (23) 43.9 + 10.7 8 3 12 





"Mean + sp. 
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Table 2. Types of Operations 
Operation Number of patients 

Inguinal herniorrhaphy 14 
Supracondylar amputation 9 
Colpoperinorrhapy 7 
Transurethral prostatectomy 7 
Hemorrhoidectomy 6 
Vaginal hysterectomy 4 
Cystolithotomy 3 


Total 50 








Before aT Se Ane fe EE 
ketamine 15 min 30 min 1 hr 5.5 hr 
2.5 + 0:5 0.13 + 0.35 0.13 + 0.35 





il, mild pain; 2, moderate pain; 3, severe pain. 
F 


cebos relieve pain about one-third of the time (8,9), 
because ketamine produced pain relief in all oar pa- 
tients it is unlikely that the pain relief associated with 
epidurally administered ketamine represents a pla- 
cebo response. More likely, ketamine, which has been 
reported as able to produce lamina-specific inhibition 
of dorsal horn unit activity (10) and to interact as an 
agonist with opiate receptors (11,12), produced seg- 
mental analgesia by diffusing across the dura and 
acting directly on the cord in the same way that opioids 
do (13), despite the findings by Fratta et al. (14) that 
ketamine fails to interact with opiate receptors and is 
not antagonized by naloxone. 

We conclude that epidural injection of ketamine 
produces potent postoperative analgesia without ma- 
jor respiratory depression or other side effects. The 
present results indicate the need for further studies 
to compare the efficacy and safety of epidural keta- 
mine with the response to epidural opioids for the 
relief of postoperative pain. 
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Effect on Blood Pressure during Anesthesia 
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ALTHAUS JS, BECKMAN JJ, MILLER ED jr. Central 
serotonin depletion: effect on blood pressure during 
anesthesia. Anesth Analg 1985;64:1163-70. 


Serotonin (5-HT) in the central nervous system has been 
implicated in blood pressure control in both normotensive 
and hypertensive states. Parachlorophenylalanine (PCPA) 
depletes 5-HT in the central nervous system. Normotensive 
Wistar rats, Wistar rats made hypertensive by renal artery 
clipping (RHR), and spontaneously hypertensive rats (SHR) 
were depleted of central serotenin by the administration of 
PCPA. Mean arterial blood pressure (MAP), heart rate 
(HR), and plasma norepinephrine (NE) levels were mea- 
sured in rats both before and after they were administered 
anesthesia with enflurane. Blood pressure was further de- 
creased by the administration of saralasin, a competitive 
inhibitor of angiotensin II. Principal results are as follows. 
Central 5-HT was depleted by 70% or more with PCPA. 
In general, brain catecholamines were not altered by this 
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Blood pressure during anesthesia is influenced by a 
variety of factors. Anesthetic agents themselves are 
known to influence vascular smooth muscle (1), car- 
diac contractility (2), baroreceptor function (3), and 
sympathetic nervous system activity (4). Coincident 
with the effects of anesthetic agents on end organ 
function, hormonal and neurotransmitter activity is 
also altered (5-7). Previous reports from our labora- 
tory have examined the role of the renin—angiotensin 
system in blood pressure support during anesthesia 
(8,9). We have used a variety of experimental tech- 
niques to better define this role. Subsequently, we 
have reported experiments defining the role of both 
the central and the peripheral sympathetic nervous 
systems in blood pressure control (10,11). 

We recognize that a variety of other hormones and 
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treatment. No consistent pattern of change in MAP, HR, 
or plasma NE was observed for Wistar rats, RHR, or SHR 
during an awake control period in rats treated with PCPA 
compared with rats treated with vehicle. However, during 
enflurane anesthesia or enflurane anesthesia with saralasin, 
MAP, HR, and plasma NE were significantly greater in 
Wistar rats and RHR treated with PCPA compared to sim- 
ilar groups treated with vehicle. This was not observed in 
SHR: MAP, HR, and plasma NE were similar to vehicle- 
treated SHR. Nonsignificant changes in plasma epineph- 
rine, plasma renin activity, or arterial blood gas tensions 
could not explain the differences seen in Wistar rats, RHR, 
or SHR. Central serotonin plays an important role in car- 
diovascular control during anesthesia with enflurane in Wistar 
rats but does not appear to play a dominant role in SHR. 


Key Words: BRAIN-—serotonin, catecholamines. 
SYMPATHETIC NERVOUS SYSTEM—catechol- 
amines. POLYPEPTIDES—renin, angiotensin. 
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neurotransmitters may also be important in blood 
pressure control during anesthesia. Recently, the cen- 
tral monoaminergic neuronal system has been pro- 
posed as an important factor in blood pressure control 
in both normotensive and hypertensive animals (12). 
There are both ascending and descending serotoner- 
gic (5-HT) nerves in the brain that may have different 
effects on blood pressure (13). Coote and MacLeod 
(14) have proposed a sympatho-inhibitory function 
for descending bulbospinal 5-HT nerves, and Wolf et 
al. (15) have demonstrated activation of ascending 
5-HT nerves innervating the anterior hypothalamus 
that has produced pressor responses. 

To determine whether blood pressure alterations 
produced by anesthetic agents were mediated in part 
by the serotonergic nervous system, central 5-HT was 
depleted in normotensive rats and in rats with either 
renovascular hypertension (RHR) or genetic sponta- 
neous hypertension (SHR). 5-HT depletion was 
produced by the peripheral administration of para- 
chlorophenylalanine (PCPA), a drug known to de- 
plete central serotonin stores by irreversibly inhibiting 
tryptophan hydroxylase (16). Animals so depleted were 
then anesthetized with enflurane, ant cardiovascular 
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and hormonal responses were measured. The 
renin—angiotensin system was then inhibited through 
the use of saralasin, a specific inhibitor of angiotensin 
Il, in order to decrease blood pressure further. Through 
these experiments we sought to determine the role of 
5-HT in blood pressure control during enfiurane 
anesthesia. 


Methods 


Laboratory Animals 


Two strains of rats were used. Male Wistar rats served 
as normotensive controls. Male Wistar rats (150 g) 
were also used as a model of renovascular hyperten- 
sion by the method of Goldblatt et al. (17). In this 
procedure, rats were anesthetized with diethyl ether, 
the left kidney exposed through a flank incision, and 
a 0.1-mm silver clip was placed on the renal artery. 
The other kidney was left undisturbed. Sponta- 
neously hypertensive male rats (SHR) were pur- 
chased commercially (Charles River Laboratories) and 
served as a hypertensive model derived from a strain 
of rats distinct from Wistar rats. 

Experiments were performed on all rats weighing 
between 250-300 g. In cases of hypertension. only 
rats with a mean arterial pressure (MAP) of 140 mm 
Hg or greater were selected for further study. Two 


rats were selected 48 hr prior to each experiment. One 


Experimental Protocol 


Rats were anesthetized briefly with diethyl ether, and 
a femoral artery and vein were cannulated with PE- 
50 tubing. The cannulae were exteriorized and flushed 
with a solution of heparin and physiologic saline. The 
rats were placed in restraining cages (Braintree Sci- 
entific Inc.) for at least 1 hr in order to allow recovery 
from anesthesia. Blood pressure, which was moni- 
tored continuously through the arterial cannula by a 
Statham P23db pressure transducer using a Brush Mark 
2400 recorder, had stabilized well before the end of 
the recovery period, and the animals were awake and 
alert. 

The protocol consisted of a 60-min awake period, 
a 20-min anesthetic induction with enflurane tENF), 
60 min of stable anesthesia (2.2% inspired ENF), and 
a 30-min infusion of saralasin. All animals breathed 
room air spontaneously throughout the experiment. 

In order to ensure a large excess of saralasin relative 
to angiotensin I] at the angiotensin binding sites, an 
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Figure 1. Mean arterial pressure (MAP), heart rate (HR), and plasma 
norepinephrine (NE) responses in normotensive Wistar rats during 
the awake period, anesthetized with 2.2% inspired enflurane (ANES) 
and 2.2% enflurane plus saralasin (+ SAR). Vehicle-treated rats 
(n = 6) received saline and PCPA-treated rats (n = 6) received 200 
mg-kg ~! of PCPA intraperitoneally, two days prior to experimen- 
tation. The (*) denotes significant differences by unpaired t-test 
and (t) by ANCOVA between vehicle-treated and PCPA-treated 
rats at the experimental periods. Means + SEM. 


in 0.9 saline solution was infused intravenously, and 
the infusion was maintained at 10 ugkg ` min” * for 
the next 30 min (18). The volume of saralasin admin- 
istered did not exceed 0.2 ml. 

Immediately prior to anesthesia and also 1 hr after 
stable anesthesia, 1.5 ml of blood was drawn for de- 
termination of plasma renin activity (PRA) and plasma 
catecholamines. A third arterial blood sample was 
drawn at the end of the infusion for determination of 
PRA, plasma catecholamines, and arterial blood gases. 
The sampled blood was centrifuged and plasma with- 
drawn. The red blood cells remaining were gently 
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able 1. Central Bioamine Concentrations (ng/g) in 
Wistar Rats Treated with Vehicle or PCPA 





Bioamine:treatment Cord Medulla Hypothalamus 
5-HT:vehicle 505 + 30 783 + 50 927 + 89 
S-HT:PCPA 65 + {3t 179 + 3? 173 + 39° 
NE-:vehicle 212 + 20 350 + 16 702 + 29 
NE:PCPA 204 + 20 355 + 101 649 + 66 
EPI:-vehicle 2a I Adota] 6 Ł] 
EPEPCPA 1+] 5 + ] 8+] 
DA:vehicle 26.3 42.0 39.7 + 43 325 + 8] 
DA:PCPA 32.8444 420 + 2.0 345 + 78 
cette ate ite eer ea a ere Me hc ee oT 


P < 0.05 by unpaired t-test. 
Abbreviations: DA, dopamine. 


Table 2. Values for Plasma Epinephrine, Plasma Renin 
Activity, Blood Gases, and Blood pH in Wistar Rats 
Treated with Vehicle or PCPA 

i a a a a 


Sample:treatment Awake Anesthetized + Saralasin 
EPI(pg/ml):vehicle 217 + 62 145 + 44 136 + 47 
EPE:PCPA 364 + 44 176 + 44 202 25 33 
PRA(ng/mlshr): 1.13 + 0.28 3.27 + 1.22 34.84 + 10.15 
vehicle 

PRA:PCPA 0.78 + 0.10 1.75 + 0.45 19.15 + 9.80 
Po.:vehicle s= =i 62.0 + 2.1 
PoxPCPA — ~ 64.0 + 3.1 
Pcozvehicle ~ — 33.8 + 2.2 
PcoxPCPA ~ — 32.8 + 1.4 
pH:vehicle — — 7.40 + 0.02 
pH:PCPA — -— 7.40 + 0.01 


"P < 0.05 by unpaired t-test. 
No significant differences were noted between vehicle-treated and PCPA- 
treated rats. 


suspended in saline equal in volume to the plasma 
removed and subsequently reinfused to replace the 
shed blood. Catheters were flushed. 


Dissection of Brain Tissues 


Immediately after the conclusion of the protocol, 
anesthetized rats were slowly infused with a 1-ml 
solution of 5% Na EDTA to control chemical and en- 
zymatic breakdown of bioamines. The spinal cord was 
severed above the fifth vertebra and the brain and 
cord were removed intact and chilled. The cord was 
sectioned away from the medulla, and the medulla 
and hypothalamus were dissected according to the 
guidelines of Glowinski and Iversen (19). Tissues were 
then frozen at —80°C and stored for subsequent 
analysis. 
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Figure 2. Mean arterial pressure (MAP), heart rate (HR), and plasma 
norepinephrine (NE) responses in renovascular hypertensive rats 
(RHR) during the awake period, anesthetized with 2.2% inspired 
enflurane (ANES) and 2.2% enflurane plus saralasin (+SAR). Ve- 
hicle-treated rats (n = 7) received saline and PCPA-treated rats 
(n = 10) received 200 mg-kg ~! of PCPA intraperitoneally, two days 
prior to experimentation. The (*) denotes significant differences by 
unpaired t-test and (t) by ANCOVA between vehicle-treated and 
PCPA-treated rats at the same experimental periods. Means + SEM, 


Extraction of Tissue 

An extraction solution was prepared, composed of 
79% ethanol and containing n-methylserotonin, an 
internal standard for 5-HT, and dihydroxybenzylam- 
ine, an internal standard for catecholamines. Frozen 
tissues were weighed and added to test tubes con- 
taining 1 ml of the extraction solution. Samples were 
homogenized using a Brinkman polytron, and cen- 
trifuged. A 200-1 aliquot of the supernatant was ob- 
tained for determination of 5-HT content. One ml of 
0.1N perchloric acid was added back to the pellet, 
mixed with the supernatant remairting, and centri- 
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Table 3. Central Bioamine Concentrations (ng/g) in 
Renovascular Hypertensive Rats Treated with Vehicle or 
PCPA 














Bioamine:treatment Cord Medulla Hypothalamus 
5-HT: vehicle 704 + 147 854 + 70 926 + 84 
5-HT:PCPA 129 = 32. E 141 + 17 
NE:vehicle 339 + 96 492 + 23 see a! 
NE:PCPA 213% 27 390 + 16° 530 + 53 
EPI:vehicle b2 62-4 Sl 
EPLPCPA 4x1 come yed 
DA:vehicle 84 + 23 91 +8 385 2 HY 
DA:PCPA 6l + 20 67 + 15 361 + 69 


teen 
ap < 0.05 by unpaired t-test. 
Abbreviations: DA, dopamine. 


fuged. The supernatant from this step was decanted 
and used for the determination of catecholamine 
content. 


Assay for Serotonin (5-HT) 


Serotonin was assayed by high performance liquid 
chromatography in a modified procedure of Lyness 
et al. (20). Briefly, the ethanolic brain extract was loaded 
onto a small column containing Bio Rad cation ex- 
change resin. The resin was washed with 0.02 M 
phosphate buffer, washed with distilled H.C, and 
eluted with 2M (NH,)2SO, to deadsorb 5-HT. A 200- 
ul aliquot of the eluate was injected onto an octyl- 
dodecylsilane (ODS) column. Serotonin and its inter- 
nal standard were resolved and detected electrochem- 
ically with a 50 pg sensitivity threshold. Intre- and 
interassay variability was less than 5 and 10%, 
respectively. 


Assay for Catecholamines 


Catecholamines were assayed by high-performance 
liquid chromatography after the procedure of Wood- 
side et al. (11). Blood samples for analysis o! cate- 
cholamines were collected in iced polystyrene tubes 
containing Na,2EDTA. After centrifugation, 500 pl of 
plasma was collected and stored at — 80°C for later 
analysis. Plasma and brain samples were processed 
by isolating catecholamines for analysis. Briefly, eight 
picomoles of internal standard were added te each 
500-ul plasma sample; and catecholamines from both 
plasma and brain samples were adsorbed to alumina 
under alkaline conditions. Catecholamines were then 
eluted with 200 ul of 0.1N perchloric acid. This eluate 
was injected and separated by a 5-um ODS column. 
Catecholamines were detected electrochemically with 
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Table 4. Values for Plasma EPI, Plasma Renin Activity, 
Blood Gases, and Blood pH in Renovascular 
Hypertensive Rats Treated with Vehicle or PCPA 


L e eea 








Sample:treatment Awake Anesthetized + Saralasin 
EPI(pg/ml):vehicle 485 + 121 286 + 73 353 + 92 
EPI:PCPA 560 + 137 477 + 80 565 = 53 
PRA(ngml thr i) 7.63 + 3 9.54 +35 32.38 + 11 
vehicle 
PRA:PCPA 6.14 + 3 5.92 + 2 35.37 «+ 8 
Posvehicle = - — 62.4 + 3.0 
Po PCPA n — 65.2 + 2.8 
Pco.:vehicle — — 35.6 + 3.3 
Poco: PCPA ma — 33.2 + 1.7 
pH:vehicle amaer — 7.39 + 0.02 
pH:PCPA = — 7.40 + 0.02 


E e e eee 


a 30-pg sensitivity threshold. Intra- and interassay 
variability was less than 5 and 10%, respectively. 


Assay of Plasma Renin Activity 


Statistics 


The data presented are the mean values + standard 
error of the mean for two drug treatment groups (ve- 
hicle or PCPA) during three experimental periods 
(awake, anesthetized, or anesthetized plus saralasin 
infusion) in three rat models (Wistar, RHR, or SHR). 
Statistically significant differences (P < 0.05) were de- 
termined using an unpaired t-test between vehicle- 
treated and PCPA-treated groups. In order to deter- 
mine whether significant differences observed during 
the anesthetized or anesthetized plus saralasin ex- 
perirnental periods were dependent on the results of 
previous experimental periods, analysis of covariance 
(ANCOVA) was also used to determine significant 
differences (P < 0.05) between vehicle-treated and 
PCPA-treated groups. 
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Figure 3. Mean arterial pressure (MAP), heart rate (HR), and plasma 
norepinephrine (NE) in spontaneously OP nsive rats (SHR) 
during the awake period, anesthetized with 2.2% inspired enflur- 
ane (ANES) and 2.2% enflurane plus saralasin (+ SAR). Vehicle- 
treated rats (7 = 10) receiv ed saline and PCPA-treated rats (u = 
9) received 200 mg-kg ' of PCPA intraperitoneally, two davs prior 
to experimentation. The (*) denotes significant differences by un- 
paired t-test and (t) by ANCOVA between ele treated and 
PCPA-treated rats at the same time periods. Means £ SEM. 


Results 
Wistar Rats 


Hemodynamic and sympathetic activity were evalu- 
ated in Wistar rats during an awake period, after one 
hour of anesthesia, and during anesthesia with sar- 
alasin by measuring mean arterial pressure (MAP), 
heart rate (HR), and plasma norepinephrine (NE) (Fig. 
1). During the awake control period there were no 
significant differences between the treated and un- 
treated rats in any of these variables. However, dur- 
ing anesthesia there were significant (P < 0.05) in- 
creases in MAP, HR, and plasma NE in rats treated 
with PCPA compared to rats treated with vehicle. In 
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Table 5. Central Bioamine Concentrations (ng/g) in SHR 


Rats Treated with Vehicle or PCPA 


Bioamine:treatment Cord 


5-H T:vehicle : a 
5-HT:PCPA 106 + 46° 118 = 26 ee + n 











NE: vehicle 338 + 14 496 + 17 664 + 49 
NE:PCPA 265 + 1D 515 + I8 736 + 4] 
EPI:vehicle 3l EE iQ t 2 
EPLPCPA 3a] 5t ] 6t 
DA: vehicle 4] + 3 62 + 6 392 + 9] 
DA:PCPA HO t W Gl 6 515 + 126 


“P< 0.05 by unpaired t-test. 
Abbreviations: DA, d opamine. 


addition, the differences during the anesthetic pe- 
riods remained significant (P < 0.05) when tested by 
ANCOVA, indicating that significance resulted in- 
dependently of the starting values of the awake ex- 
perimental period. The combined effects of anesthesia 
plus saralasin infusion (+ SAR) are also illustrated in 
Figure 1. The data again showed that MAP, HR, and 
plasma NE were increased (P < 0.05) with PCPA com- 
pared to vehicle control. feet by ANCOVA 
indicated that differences (P < 0.05) were indepen- 
dent of the starting values of the previous anesthetic 
experimental period. 

The effectiveness of the PCPA treatment in Wistar 
rats is shown in Table 1. Serotonin and catechol- 
amines were measured in the cord (C-1-5), medulla, 
and hypothalamus. Serotonin was depleted greater 
than 75% in all three regions of the central nervous 
system. For catecholamines, tissue concentration in 
PCPA-treated rats was not different from vehicle- 
treated controls. The results show that in the CNS, 
the PCPA treatment that we used specifically depletes 
stores of 5-HT but not stores of catecholamines. 

Blood pH, blood-gas tensions, and other hormones 
were monitored to determine whether other physi- 
ologic conditions were altered by the PCPA treat- 
ment. The increases in HR, MAP, and plasma NE in 
PCPA-treated rats could not be correlated to nonsig- 
nificant changes in blood pH, blood-gas tension, plasma 
epinephrine (EPI), or PRA (Table 2). In all cases, val- 
ues for PCPA-treated animals were not statistically 
different from their vehicle-treated counterparts. 


Kenovascular Hypertensive Rats 


Vehicle-treated one-kidney, one-clip, Goldblatt hy- 
pertensive rats responded in a manner similar to nor- 
motensive rats (Fig. 2). The PCPA-treated RHR had 
similar MAP and plasma NE to vehicle-treated rats in 


1168 ANESTH ANALG 
1985;64: 1163-70 


Table 6. Values for Plasma EPI, Plasma Renin Activity 
(PRA), Blood Gases, and Blood pH in SHR Rats Treated 
with Vehicle ar PCPA 








ameme nm imn anana 





Sample:treatment Awake Anesthetized + Saralasin 
EPI(pg/ml):vehicle 808 + 204 437 + 44 552 + 47 
EPIPCPA 616 + $32 409 + 48 520 + 65 


PRA(ngeml 
vehicle 
PRA:PCPA 


lr? ye: 1250 22014: “2259-8 -Bo Ot 


1.66 + 0.17 2.25 + 0.32 34.41 + 6.36 


Poxvehicle —_— = 63.1 + 2.1 
Pos: PCPA m si 66.4 * 1.5 
Pcos:vehicle — — 30.2 + 2.1 
Poo PCPA ee aun 30.5 + 1.0 
pH:vehicle - — 7:43 = 002 
pH:PCPA — = 7.42 z OM 





the awake state. Heart rate was significantly lower at 
this time. With enflurane anesthesia and enfiurane 
anesthesia plus saralasin, MAP, HR, and Jove NE 
were significantly greater in the PCPA-treatec RHR 
compared to the vehicle-treated RHR. Statistical tests 
by ANCOVA indicated that the difference (P < 0.05) 
in MAP with anesthesia was not independent of the 
starting MAP values of the awake period; however, 

the difference (P < 0.05) in MAP with saralasin was 
independent of the starting MAP values during anes- 
thesia. In terms of HR and plasma NE, differences 

noted during anesthesia were independent (P «< 0.05) 
of awake starting values, but differences walk sar- 
alasin were not independent of anesthetized starting 
values. 

Analysis of central serotonin in the RHR shows that 
PCPA depletion of 5-HT in the cord, medulla, and 
hypothalamus was 73% or greater (Table 3). In nine 
measurements of central catecholamine concentra- 
tions, only NE in the medulla was significantly de- 
creased with PCPA. The central depletion of 5- HT did 
not affect blood pH, blood-gas tension, or other mea- 
sured hormones. The PCPA-treated RHR was mot dif- 
ferent from the vehicle-treated RHR in this regard 
(Table 4). 





Spontaneously Hypertensive Rats 


As with RHR, only SHR having MAP values of 140 
mm Hg or greater were used in experiments. The 
experimental protocol was identical to that previously 
stated for Wistar and RHR. Figure 3 shows that the 
SHR deviate from the trends established for Wistar 
and RHR. During enflurane anesthesia anc anes- 
thesia with sarafasin infusion, SHR depleted of se- 
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rotonin did not exhibit the same responses in terms 
of MAP, HR, and plasma NE that Wistar or RHR did. 
Figure 3 shows that the mean values of MAP and HR 
of PCPA-treated rats are statistically less than or not 
different from the mean values of rats treated with 
vehicle. 

Serotonin was depleted in the SHR comparable to 
Wistar and RHR treated similarly (Table 5). Tissue 
catecholamines in the PCPA-treated SHR were mildly 
affected. Tissue NE was slightly elevated and tissue 
dopamine was decreased in the cord only (Table 5). 
There was no other evidence that PCPA altered cen- 
tral catecholamine concentrations. Nonsignificant 
changes in blood pH, blood-gas tension, plasma EPI, 
and PRA did not explain the differences seen between 
Wistar rats and SHR (Table 6). 


Discussion 


In a review by Kuhn et al. (22), several studies indi- 
cated that the level of depletion with PCPA achieved 
in our study (>70%) was sufficient to alter the hemo- 
dynamic properties of the rat model. However, the 
precise way in which this depletion might alter hemo- 
dynamic function was difficult to determine given that 

5-HT receptors are associated with both pressor and 
depressor responses (23-25). The nonselective deple- 
tion of 5-HT by PCPA will no doubt affect both of 
these systems. At this juncture however, we were not 
concerned with the complex pharmacodynamic 
changes in neuronal pathways of the rat model after 
treatment with PCPA but only with net difference 
between state 1 (vehicle treatment) and state 2 (PCPA 
treatment). Measurements related to this objective will 
answer the simple but important question of whether 
or not the 5-HT neuronal network in total is important 
during anesthesia. 

One important aspect of our study was to examine 
animals awake prior to enflurane anesthesia. Awake 
animals depleted of central serotonin had hemody- 
namic and hormonal values similar to vehicle-treated 
rats. This observation at first appeared to dispute the 
findings of Ito and Schamberg (26) who showed that 
awake rats treated with PCPA had significantly higher 
blood pressures than normal. However, on closer in- 
spection, the disparity in results might be explained 
by several major differences in methodology. First, 
Sprague-Dawley rats weighing between 140 and 160 
g used by Ito and Schamberg have different cardio- 
vascular properties than our strains (Wistar and SHR) 
weighing between 250-300 g. Second, Ito and Scham- 
berg reported systolic pressures by a tail~plethys- 
mographic cuff method rather than by measuring 
MAP continuously with a Statham P23db pressure 
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transducer as we preferred. Finally, they report a hy- 
pertension latency threshold of two days in their rat 
model after PCPA at 200 mg/kg intraperitoneally. We 
also used this milder treatment to ensure catechol- 
amine integrity in the CNS. However, given our rat 
models, we proceeded with experiments even though 
a hypertensive state in terms of MAP was not reached 
at this time in the awake state. 

During enflurane anesthesia, the Wistar rat was 
apparently more sensitive to the cardiovascular effects 
of this PCPA treatment and exhibited a relative hy- 
pertensive condition compared to vehicle control. In 
these rats, whether normotensive or hypertensive, 
there was an increase in heart rate, blood pressure, 
and plasma norepinephrine with PCPA compared to 
control during enflurane anesthesia. That the increase 
in sympathetic tone as reflected by plasma norepi- 
nephrine was due to serotonin depletion and not to 
a cocaine-like effect of PCPA was supported by nor- 
mal brain catecholamine concentrations. The fact that 
plasma epinephrine and plasma renin activity re- 
spond similarly in treated and untreated rats suggests 
that central serotonergic nerves do not influence di- 
rectly renin release or release of epinephrine from the 
adrenal gland. 

The obvious difference in response to enflurane 
seen in the SHR as compared to Wistar rats suggests 
that the serotonin component of blood pressure con- 
trol is different. Pilot studies concerning the cardio- 
vascular effects of PCPA on the Wistar—Kyoto rat (the 
genetic normotensive control for the SHR) were dis- 
continued because they gave similar results to the 
normotensive Wistar rat. Elevation in arterial blood 
pressure alone was not responsible for the differences 
seen because the RHR responded in a manner similar 
to the normotensive Wistar rat. Several studies sug- 
gest that the SHR has several central nervous system 
components that are different from normotensive 
Wistar rats (27,28). It would appear that serotonin 
plays an insignificant role in blood pressure support 
in SHR anesthetized with enflurane. 

The precise manner in which enflurane interacts 
with serotonin to reduce peripheral sympathetic ac- 
tivity is unknown. Diaz et al. (29) have examined 
turnover rates of serotonin in the presence of several 
inhalational anesthetics. Cerebral content of serotonin 
increased slightly with cyclopropane, decreased with 
halothane, and did not change with diethyl ether. In 
another study, Roizen et al. (30) showed that the use 
of halothane and cyclopropane was associated with 
the accumulation of serotonin in several brain tissues 
known to contain serotonergic neurons. Although these 
studies demonstrate potentially important effects of 
anesthetics on serotonin, they do not describe the 
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dynamic properties of release from neurons. Further 
studies are necessary to allow quantification of dy- 
namic events with different neurotransmitters. Cer- 
tainly the hemodynamic and hormonal responses seen 
with a variety of anesthetic agents are modified by 
how anesthetic agents affect central neurotransmitter 
function. 

In conclusion, the depletion of serotonin from CNS 
regions results in higher heart rate, blood pressure, 
and plasma norepinephrine in normotensive Wistar 
rats and Wistar rats with renovascular hypertension 
during enflurane anesthesia. SHR do not respond in 
a similar manner. The data suggest that peripheral 
sympathetic activity, as measured by plasma norepi- 
nephrine, is partially influenced by central serotonin 
content. Enflurane anesthesia appears to decrease pe- 


ripheral sympathetic tone, in part by altering central 


serotonergic function. 
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Transient Inhibitory Effect of Isoflurane upon Oxidative 


Halothane Metabolism 
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FISEROVA-BERGEROVA V, DOLAN DF. Transient 
inhibitory effect of isoflurane upon oxidative halothane 
metabolism. Anesth Analg 1985;64:1171-7. 


The duration of inhibition of halothane oxidative metabolism 
by isoflurane was studied in rats exposed for 2 hr to an 
anesthetic concentration of isoflurane (0.6% inspired), fol- 
lowed by a 2-hr exposure to a subanesthetic concentration 
of halothane (0.06% inspired), starting either 0.5, 4, or 24 
hr after the end of the isoflurane exposure. Other rats were 
exposed to halothane, isoflurane, or a mixture of both. Tissue 
levels of total nonvolatile fluorine were used as a measure 
of oxidative metabolism of halothane and hepatic levels of 
1,1,1-trifluoro-2-chloroethane and 1,1-difluoro-2-chloro- 
ethylene as a measure of reductive metabolism of halothane. 
Isoflurane administered simultaneously with or 30 min prior 


The metabolism of many xenobiotics may be altered 
by inhalation exposure of a variety of chemical sub- 
stances (1-3), including inhalation anesthetics (4,5). 
In an earlier study, we demonstrated that when iso- 
flurane is inhaled at subanesthetic concentrations, the 
oxidative metabolism of halothane is inhibited in a 
concentration-dependent manner (4). Because iso- 
flurane is used during clinical anesthesia, its inter- 
action with drug metabolism may modify the action 
of drugs administered during the perianesthesia pe- 
riod. In the following study the duration of the in- 
hibitory effect of isoflurane on halothane metabolism 
was investigated. The increase in concentration of to- 
tal nonvolatile fluorine in tissues above background 
levels has been used as a measure of the oxidative 
metabolism of halothane and hepatic concentrations 
of 1,1,1-trifluoro-2-chloroethane (TFE) and 1,1- 
difluoro-2-chloroethylene (DFE) as measures of re- 
ductive metabolism of halothane (4). Because the ratio 
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to halothane significantly inhibited oxidative metabolism of 
halothane, but this inhibition was transient and was no 
longer apparent when halothane was administered 4 or 24 
hr after the end of isoflurane anesthesia. The reductive me- 
tabolism of halothane was unaffected. This study suggests 
that isoflurane may transiently modify the action of some 
drugs administered during the perianesthesia period by in- 
hibiting their oxidative metabolism. Differences in elimi- 
nation kinetics of nonvolatile fluorine-containing metabo- 
lites after isoflurane and halothane exposure suggest the 
presence of an unidentified isoflurane metabolite. 


Key Words: ANESTHETICS—volatile, halothane, 
isoflurane. BIOTRANSFORMATION (DRUG)—halo- 
thane, isoflurane. PHARMACOKINETICS—halo- 
thane, isoflurane. 


between oxidative and reductive metabolism of halo- 
thane depends upon the concentration of oxygen (6,7) 
and halothane (8) in the inhaled mixture, the concen- 
trations of oxygen and halothane in the exposure 
chamber were maintained at 21 and 0.06%, respec- 
tively. Because total nonvolatile fluorine in liver in- 
creased significantly during isoflurane anesthesia, the 
tissue clearance of nonvolatile fluorine after isoflurane 
anesthesia was also studied. 


Material and Methods 


Reagents 


Halothane was purchased from Ayerst Laboratories, 
NY. Isoflurane was provided by Ohio Medical Prod- 
ucts. TFE and DFE were obtained from PCR Research 
Chemicals, Inc., Gainesville, FL. 


Animal Exposures 


The experimental animals were female Sprague- 
Dawley rats (weighing approximately 200 g each) re- 
ceived in two shipments from the Charles River Lab- 
oratories, 3 months apart. They were kept on a diet 
of standard Purina Lab Chow and water ad libitum. 
Rats used in experiments 1 and 2 were from the first 
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Table 1. Isoflurane and Halothane Concentrations in Exposure Chamber and in Tissues of Rats Decapitated at the End 


of Halothane Exposure 


Meeme erena eeen I epee 


2.5 hr elapsed” 








6 hr elapsed! 26 hr elapsed’ 








Simultaneous No isoflurane No Isoflurane No Isoflurane 
exposure pretreatment” pretreatment pretreatment” pretreatment pretreatment’ pretreatment 
Chamber (% vol/vol) 
Isoflurane 0.610 + 0.019 0 0.554 + 0.014 0 0.554 + 0.014 0 0.554 + 0.014 
Halothane 0.060 + 0.001 0.060 + 0.002 0.060 + 0.002 0.062 + 0.004 0.062 + 0.004 0.057 + 0.001 0.057 + 0.001 
Liver (nmol/g) 
Isoflurane 1113 + 68 0) 222 27 0 48 + 1.8 0 trace 
Halothane Doe IF H+ 4 #02 + 11 99.4 TI ra Es 102 + 10 103 + 10 
Muscle (nmol/g) 
Isoflurane 389 + 57 0) E 2; 0) 4.6 + 2.5 Q trace 
Halothane 65 7 49 + 9 50 + 4 50 + 4 54 + 16 SFE 7 34-22 
Brain (nmol/g) 
isoflurane 609 + 35 0 TSc H 0 £3205 0 0 
Halothane 116 + 10 82 + § $8 + 5 86 tg 77 + 6 84 + 10 85 + 3 
nnn 





X + SEM, n = 6. 


“Elapsed time indicates how soon after the end of a 2-hr isoflurane preanesthesia rats were decapitated. During the last 2 hr prior to decapitation, 
nonpretreated control rats and rats previously anesthetized with isoflurane were exposed to halothane. 

"Control rats previously unexposed to any drug were exposed to halothane at the same time as rats previously anesthetized with isoflurane. 

‘Halothane content is significantly larger than halothane content in any other group of rats shown in this table (P < 0.01). 


shipment, and rats used in experiments 3 and 4 were 
from the second shipment. To account for variation 
of fluorine content in tissue caused by dietary and 
environmental conditions, unexposed rats from each 
shipment kept under the same regimens as exposed 
rats served as background controls. For each study 
the rats were pooled into groups of six so that means 
and standard deviations of body weights in all groups 
were similar. 


The Exposure Chamber 


Rats were exposed in an exposure chamber adapted 
from a 20-L glovebox (8). The temperature in the ex- 
posure chamber varied with room temperature 
(22-24°C). The oxygen concentration in the chamber, 
monitored by a model D2 Beckman oxygen analyzer, 
was 21%. The gas mixture in the exposure chamber 
' was sampled frequently with a 20-ml glass syringe 
from two places near the respiratory zone of the rats. 
The desired concentrations of the anesthetics were 
reached within the first 10 min of exposure. During 
the remainder of the exposure period the concentra- 
tion in the exposure chamber fluctuated less than 5% 
of the mean value. The means and standard errors of 
time weighted average for each study are given in 
Tables 1 and 3. Exposed rats were decapitated inside 
the exposure chamber; selected tissues were imme- 
diately excised outside the exposure chamber and pre- 
pared for analysis. Rats were exposed in small groups 


to minimize postmortem metabolism of halothane. 
Samples of tissue were frozen and later analyzed for 
total nonvolatile fluorine. Femurs and tibias stripped 
of flesh were used for measurement of osseous con- 
centrations of fluoride. 

Rats were exposed as follows: 


1) Simultaneous exposure to isoflurane and halothane. Two 
rats exposed to air containing 0.6% isoflurane 
(vol/vol) and 0.06% halothane (vol/vol) for 2 hr were 
decapitated within the exposure chamber. Two 
unexposed rats served as controls. The experiment 
was repeated three times. 

2) Successive exposures to isoflurane and halothane. 
Three rats were exposed for 2 hr to 0.6% isoflurane 
in air, removed from the exposure chamber, and 
recovered from anesthesia inhaling uncontami- 
nated room air. At the appropriate time (either 30 
min, 4 hr, or 24 hr after the end of isoflurane ex- 
posure), an isoflurane-exposed rat was paired with 
an unexposed rat, placed in the exposure chamber, 
and exposed to 0.06% halothane in air. At the end 
of this 2-hr halothane exposure, both rats were 
decapitated inside the exposure chamber. At the 
same time, one unexposed control rat was decap- 
itated. The experiment was repeated six times. 

3) Exposure to isoflurane only. Eight rats were exposed 
at the same time to 0.6% isoflurane in air. At the 
end of a 2-hr exposure, two rats were decapitated, 
and the remaining rats were removed from the 
exposure chamber and recovered from anesthesia 
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inhaling uncontaminated room air. These rats were 
decapitated in pairs either 2.5, 6, or 26 hr later. 
Two unexposed rats served as controls. The ex- 
periment was repeated three times. 

4) Exposure to halothane only. The experimental design 
was the same as in study 3, but 0.076% halothane 
was used instead of isoflurane, and the number of 
rats increased by 6. These additional rats were de- 
capitated 48 hr after halothane exposure. 


Analytical Procedures 


Gas analysis. Concentrations of halothane and iso- 
flurane in the exposure chamber were measured by 
gas chromatography (4). The analyses were per- 
formed on an F & M 402 gas chromatograph equipped 
with a flame ionization detector and a 1.8-m glass 
column packed with 10% diisodecylphthalate on 
Chromosorb P (45-60 mesh) and heated to 65°C. Sam- 
pies of 50 ul were sl cite on the gas—chromatographic 
column with a gas-tight syringe. 


Tissue analysis. Concentrations of halothane, iso- 
flurane, and volatile metabolites in tissues were de- 
termined by gas—chromatographic analysis using the 
headspace method (8). Approximately 0.5 g of tissue 
was homogenized in a closed system. (Carbon mon- 
oxide was used to prevent postmortem biodegrada- 
tion.) When the partial pressures of the volatile com- 
ponents were equilibrated, the gas in the headspace 
of the homogenates was analyzed using a Varian 3700 
gas chromatograph equipped with a flame ionization 
detector and a glass column packed with n-octane on 
Porasil C (100-120 mesh) and heated to 102°C. 

Concentrations of total nonvolatile fluorine were 
determined in tissues, desiccated at pH 10, and com- 
busted by use of a specific fluoride ion electrode (8). 
Fluorine released by halothane metabolism was cal- 
culated by determining the difference between the 
fluorine concentration in tissue of a rat exposed to 
halothane and fluorine concentrations in tissue of an 
appropriate control rat. Unexposed rats served as con- 
trols for rats exposed to halothane only. Rats exposed 
only to isoflurane and decapitated 0, 2.5, 6, or 26 hr 
later (study 3) served as controls for preanesthetized 
rats exposed to halothane. 

Concentrations of fluoride in bones also were cal- 
culated. Fluoride was extracted in 5% Na-EDTA and 
determined by use of a specific fluoride ion electrode 
(9). All tissue analyses were made in duplicate. Dif- 
ferences between measurements rarely exceeded 5% 
of the mean. 
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Statistical analysis. The significance of differences 
between means of concentrations in tissues obtained 
from different groups of rats was tested by the two 
sample two tailed t-test, the paired t-test, and by anal- 
ysis of variance. Inhibition of oxidative metabolism 
was evaluated from the increase of fluorine concen- 
trations in liver of preanesthetized and control rats 
exposed to halothane 


4 cient ig a. a need 
inhibition % = 100 La. Ui, 
where the letters denote mean concentrations in the 
following groups: IH, rats exposed to isoflurane and 
halothane (Table 2); I, appropriate control rats ex- 
posed only to isoflurane (Table 3); H, rats exposed to 
halothane only (Table 2); U,,, unexposed control rats 


(Table 2); Us, unexposed control rats (Table 3). 


Results 


A concentration of 0.6% isoflurane produced light 
anesthesia; rats responded to tail stimulation but did 
not respond to noise stimulation. After the end of 
exposure, the rats required approximately 3 min to 
regain consciousness and 10-15 min to recover com- 
pletely from anesthesia. Exposure to 0.06% halothane 
had no effect on the behavior of the rats. 


Unexposed Rats 


Unexposed rats had no measurable tissue concentra- 
tions of isoflurane, halothane, TFE, or DFE. Concen- 
trations of total nonvolatile fluorine were in the range 
of normal background levels of unexposed rats, but 
the levels in the tissues of the rats from the second 
shipment were higher than the levels in tissues of the 
rats from the first shipment (Tables 2 and 3). This 
difference is attributed to the different environmental 
conditions prior to the time the rats reached our 
laboratory. 


Simultaneous Exposure of Isoflurane and Halothane 


Mean concentrations of halothane and isoflurane in 
tissues of rats exposed simultaneously to isoflurane 
and halothane are shown in Table 1. Liver, muscle, 
and brain concentrations of halothane were greater 
in tissues of rats exposed to halothane in the presence 
of isoflurane than in rats exposed to halothane alone 
(P < 0.01). Mean concentrations of metabolites in tis- 
sues are shown in Table 2. Concentrations of total 
nonvolatile fluorine in the liver, kidney, muscle, and 


+ 


1174 ANESTH ANALG FISEROVA-BERGEROVA AND DOLAN 
1985;64:1171-7 


Table 2. Concentrations of Halothane Metabolites in Tissues of Rats Decapitated at the End of Halothane 


Exposure (nmol/g) 
Sg a a a igi ES eh Rr ee Me a 





2.5 hr elapsed” 6 hr elapsed“ 26 hr elapsed“ 
Unexposed Simultaneous No isoflurane No isoflurane No Isoflurane 
rats” exposure pretreatment pretreatment pretreatment pretreatment pretreatment’ pretreatment 
Liver 
DFE 0 2:79 2° 0520 2.80 + 0.30 Se ape aah 4 PP 3.2 + 0.4 So Se 0.2 25 2 0.2 eo ee 
TFE Q) 16.7 + 1.8 20.8 + 1.8 oe E 22.3 + 2.8 LRO 22 by ES LF ei 
F 80.1 + 1.8 768 + 45° 1062 + 66 954 + 57° 1131 + 108 1185 + 123 1017 + 84 1104 + 84 
Muscle 
F 60.9 + 1.8 156 + 12“ 264 + 12 285 + 18 345 + 45 D9 2) 312 + 21 318 + 15 
Kidney 
F Tok DS 240 + 7 325 + 60 465 + 33° 630 + 84 243 + 78 313 + 30 934 + 33 
Lung 
F 57.0 £ 1.8 120 + 6 414 + 36 087 239° 423 + 27 483 + 54 435 + 33 44] + 27 


X+ SEM, H = 6. 

Abbreviations: F, total nonvolatile fluorine; DFE, 1,1-difluoro-2-chloreethylene; TFE, 1,1,-trifluoro-2-chloroethane. 

“Elapsed time indicates how soon after the end of a 2-hr isoflurane preanesthesia rats were decapitated. During the last 2 hr prior to decapitation, 
nonpretreated control rats and rats previously anesthetized with soflurane were exposed to halothane. 

"n = 12 (Because there was no statistically significant difference between tissue concentrations of unexposed control rats in experiments | and 2, the data 
were combined). 

‘Control rats previously unexposed to any drug were exposed to halothane at the same time as rats previously anesthetized with isoflurane. 

“Fluorine content is significantly different from fluorine contest in any other group of rats shown in this table (P < 0.01). 

‘Fluorine content is significantly larger than in unexposed rats (P < 0.01) but significantly smaller than in control rats exposed only to halothane 
(P < 0.05). 


Table 3. Concentrations of Total Nonvolatile Fluorme (nmol/g) in Tissues of Rats Exposed for 2 hr to 0.60% Isoflurane 
or 0.076% Halothane 








Hours between end of exposure and decapitation 











Unexposed rats 0 2% 6 26 48 
0.60% Isoflurane (n = 6; X + SEM) 
Liver 118 + 1 606 + 63 161 +9 155.247 DIS -= 
Muscle 91 + 4 134 + 18 100 4-5 98 + 10° 108 + 4 -l 
Kidney 87 + 1 208 + 21 110 £7 117 + 33 114 + 4 — 
Lung B2 5 101 + 14 104 + 6 109 + 13 104 + 3 — 
0.076% Halothane (n = 6; X + SEM) 
Liver 13229 993 + 48 1164 + 27 963 + 81 603 + 30 360 + 18 
Muscle 99 + 9 265.218 468 + 9 423 + 54 269 + 15 168 + 12 
Kidney 93 +9 453 + 30 618 + 36 573 + 42 364 + 15 222 + 9 
+ 9 399 EI 588 + 30 561 + 33 381 + 15 222 + 24 


Lung 93 





"No statistically significant differences between exposed and unexposed rats. All other differences between exposed and unexposed rats were statistically 
significant at P < 0,01, 


lung of rats exposed simultaneously to halothane and Successive Exposures to Isoflurane and Halothane 
isoflurane were signficantly less than concentrations 

in tissues obtained from rats exposed to halothane At the end of a halothane exposure, the concentra- 
alone (P < 0.01). The volatile metabolites, TFE and tions of halothane in tissues of control rats and rats 
DFE, were found in measurable quantities only in previously anesthetized with isoflurane were the same 
liver tissue. There were no statistically significant dif- | (Table 1, P > 0.1). Concentrations of isoflurane in 
ferences between concentrations of volatile metabo- tissues declined rapidly after isoflurane anesthesia 
lites in liver obtained from rats exposed simulta- (Table 1). Concentrations of metabolites in tissues are 
neously to halothane and isoflurane and rats exposed in Table 2. After exposure to halothane, concentra- 
to halothane alone. This study shows that isoflurane tions of total nonvolatile fluorine in liver, lung, and 
anesthesia inhibits oxidative metabolism of halothane kidney of rats preanesthetized with isoflurane were 
but has no effect on reductive metabolism of halcthane. significantly less than concentrations in tissues of rats 
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untreated with isoflurane when the isoflurane anes- 
thesia and halothane exposure were 30 min apart 
(paired t-test; P < 0.05). When the total nonvolatile 
fluorine released by halothane metabolism was ex- 
amined by analysis of variance, significant interaction 
ot halothane and isoflurane was nda (P < 0.01). 
Analysis of variance and paired t-test indicated that 
the concentrations of nonvolatile fluorine in tissues 
of rats exposed to halothane 4 or 24 hr after isoflurane 
anesthesia were not significantly different from con- 
centrations in tissues of control rats exposed to halo- 
thane alone. DFE and TFE were present in a mea- 
surable quantity only in liver tissue of rats exposed 
to halothane. No statistically significant differences 
were found in concentrations of these volatile metab- 
olites in liver of rats preanesthetized with isoflurane 
and in control rats untreated with isoflurane. This 
study shows that inhibition of oxidative metabolism 
by isoflurane is reversible and short-lived. 


Exposure to Isoflurane Only 


After isoflurane anesthesia, tissue concentrations of 
nonvolatile fluorine were greater than concentrations 
in unexposed rats but less than in rats exposed to 
halothane (Table 3). The concentrations in liver tissue 
were much larger than concentrations in other tis- 
sues. All differences were statistically significant (P < 
0.01). The concentrations of the fluorine-containing 
metabolites in all tissues rapidly decreased immedi- 
ately after the end of isoflurane exposure (approxi- 
mately 90% of flourine generated by isoflurane me- 
tabolism was removed from the liver during the 2.5 
hr after exposure). After 2.5 hr, the elimination rate 
becomes very slow, as indicated by the statistically 
significant increased concentrations of nonvolatile flu- 
crine in tissues even 26 hr after exposure. This study 
shows that significant amounts of fluorine-containing 
metabolites are formed during isoflurane anesthesia 
and that elimination of these metabolites is biphasic 


(Fig. 1). 


Exposure to Halothane Only 


After exposure to halothane, concentrations of non- 
volatile fluorine were significantly increased in all tis- 
sues and remained significantly elevated for 48 hr 
after exposure (Table 3). Fluorine concentrations in 
all tissues declined exponentially, with half-times of 
approximately 20 hr (Fig. 1). This study shows that 
the kinetics of elimination of nonvolatile fluorine me- 
tabolites from halothane and isoflurane are different. 
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Figure 1. Elimination of nonvolatile fluorine from tissues of rats 
after exposure to halothane or isoflurane. Rats exposed for 2 hr to 
either 0.076% (vol/vol) halothane or 0.6% (vol/vol) isoflurane were 
sacrificed at prescheduled times. The concentration increase of non- 
volatile fluorine (determined as differences between fluorine con- 
centration in tissues of exposed and control rats) are plotted against 
the time elapsed (in hours) from the end of the exposure until the 
sacrifice time. Each point represents differences of means of six 
exposed and six control rats: squares, liver; diamonds, kidney; 
circles, lung; triangles, muscle, 


Skeletal Fluoride 


Fluoride concentrations in bones of unexposed rats 
were 12.4 + 0.4 umol fluorine/g dry bone. Fluoride 
concentrations in bones of any exposed rats were not 
significantly different from unexposed rats. This study 
shows that amounts of fluoride released by isoflurane 
or halothane metabolism are negligible and that the 
nonvolatile fluorine measured in tissues of exposed 
rats is mainly in nonionic form. 


Discussion 

In an earlier study, isoflurane was shown to inhibit 
the oxidative metabolism of halothane (4). The results 
of the current study using female Sprague-Dawley 
rats indicate that oxidative metabolism of halothane 
is inhibited by 80% during anesthesia produced by 
0.6% isoflurane, and that this inhibitory effect van- 
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ishes rapidly after the end of anesthesia. The ox dative 
metabolism of halothane was inhibited by 15% when 
halothane was administered 0.5 hr after the ənd of 
isoflurane anesthesia. No inhibition in oxidative me- 
tabolism was seen when halothane administration was 
further delayed. This transient reversible inhib tion is 
unrelated to the presence of fluoride and trifluc roace- 
tic acid in the body because urinary excretion o” these 
metabolites has a half-time of approximately 20 hr 
(10,11), which is incompatible with the rapid resto- 
ration of halothane oxidative metabolism after iso- 
flurane anesthesia. It appears, then, that the inhibi- 
tion of halothane oxidative metabolism is relatec either 
to a metabolite other than trifluoroacetic acad and 
fluoride or to the presence of isoflurane itself. 

The presence of another isoflurane metabolite is 
indicated in this study by the tissue distributien and 
biphasic elimination of nonvolatile fluorine (Fig. 1). 
w ee of monyelauie pure) in Whe one 


a e with the kinetics of any E iden- 
tified so far (12) and suggest the presence of a stable 
metabolite with a short elimination half-time. The rapid 
elimination of this unidentified metabolite is com- 
patible with the rapid restoration of halothare me- 
tabolism after isoflurane anesthesia. Fluorine concen- 
trations present in tissues 2.5 hr after the end of 
isoflurane anesthesia and thereafter were slightly el- 
evated compared to tissues of unexposed rats and did 
not appear to decline. Such behavior is incom atible 
with the elimination of trifluoroacetic acid as seen in 
the halothane exposures (Fig. 1) and suggests the 
presence of fluorine-containing intermediates sound 
to tissue constituents. This conclusion is supoorted 
by Bradshaw and Ivanetich (12), who suggest that 
after the split of the ether linkage in isoflurare, the 
CF,-CO-moiety is bound to cellular constituents. Fur- 
ther support comes from balance studies of isof urane 
anesthesia in humans, which indicate that covalent 
binding may account for up to 5% of an anesthetic 
dose (11). 

The inhibition of oxidative metabolism of halo- 
thane could be related to levels of isoflurane in the 
body. The rapid restoration of halothane oxdative 
metabolism after the end of isoflurane anesthesia is 
compatible with the rapid pulmonary clearance of iso- 
flurane after anesthesia (10,11). In the current study, 
2.5 hr after the end of isoflurane anesthesia, fF epatic 
levels of isoflurane were 2% of levels reached at the 
end of anesthesia. Six hours after the end of anes- 
thesia, levels of isoflurane were less than 0.5% of 
those measured during anesthesia. The presence of 
the perfluorinated carbon in isoflurane melecule 
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prompts further speculation on mechanisms of inhi- 
bition of oxidative halothane metabolism by isoflur- 
ane. It has been shown that perfluorinated hydro- 
carbons are pseudosubstrates that resist the attack of 
the activated oxygen complex of cytochrome P-450 yet 
continue to stimulate NADPH oxidation in liver mi- 
crosomes in a manner similar to other substrates (13, 14), 
including enflurane and methoxyflurane (15). This re- 
sults in uncoupling of the electron flow of the micro- 
somal monoxygenase reaction and prevents oxidation 
of other drugs. If isoflurane acts as a pseudosubstrate, 
binding to the same site of cytochrome P-450 as halo- 
thane, then inhibition of oxidative metabolism would 
be competitive. The competitive inhibition is, how- 
ever, inconsistent with the fact that the reductive me- 
tabolism of halothane, which is also mediated by cy- 
tochrome P-450, is unaffected by isoflurane. Thus the 
data support the theory of the existence of a geneti- 
cally determined cytochrome P-450-isoenzyme var- 
iant that mediates the reductive metabolism of halo- 
thane (16,17) but has no affinity to isoflurane. 

This study in rats confirmed transient inhibition of 
oxidative metabolism of halothane caused either by 
isoflurane or by its unknown metabolite with short 
elimination half-time. If inhibition is mediated by me- 
tabolism, isoflurane may not be an inhibitor in hu- 
mans, because species differences in isoflurane me- 
tabolism were indicated (10,12). Until the mechanisms 
of the inhibitory effect of isoflurane and of hepato- 
toxicity of halothane are understood, switching be- 
tween halothane and isoflurane during clinical anes- 
thesia may not be advisable. 

As a result of inhibition of oxidative metabolism 
mediated by microsomal mixed-function oxidase, 
elimination half-life of some drugs may be prolonged 
during isoflurane anesthesia, and consequently the 
therapeutic effect can be altered. Thus it is anticipated 
that sleeping time resulting from barbiturate admin- 
istration is prolonged, as well as the activity of some 
hypoglycemic and anticoagulant drugs. Similar pro- 
longation of elimination half-time is likely to be ex- 
perienced during anesthesia with other potent inha- 
lation anesthetics that competitively inhibit metabolism 
of other drugs (5). Such interaction of inhalation an- 
esthetics with other drugs probably has very little 
clinical significance, because anesthesia is usually a 
short-lived episode, and because the activity of mi- 
crosomal mixed-function oxidase is rapidly restored. 
The interaction of isoflurane with oxidative metabo- 
lism of drugs should be considered, however, if the 
drug is administered by infusion or if any drug ad- 
ministered during perianesthesia period has pro- 
voked an atypical econ 
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Disuse and d-Tubocurarine Sensitivity in Isolated Muscles 


Barbara E. Waud, MD, Yoshikiyo Amaki, MD, and Douglas R. Waud, MD, DPhil 
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The effect of immobilization on subsequent sensitivity of limb 
muscles to d-tubocurarine was examined in a guinea pig 
model. A foreleg was immobilized in a cast for 1-4 weeks. 
AF the end of this period, isolated nerve-lumbrica’ muscle 
preparations were set up and sensitivity to d-tubocurarine 
assayed. Immobilization increased the EDso of the drug not 
only in muscles from the limb in the cast but also those from 
contralateral forelimbs and from hindlimbs. The increase in 
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Resistance to the effects of nondepolarizing muscle 
relaxants has been demonstrated both in patients whose 
conditions may predispose to disuse atrophy (1 2) and 
in dogs whose hindlimbs have been immobilized in 
plaster casts (3). Although muscle disuse is associated 
with both receptor spread (4) and sprouting of the 
nerve terminal (5), it is not clear that these local changes 
are the basis of the decreased effect of muscle relax- 
ants, or whether extraneous factors such as muscle 
blood flow play a role. The present study examined 
in vitro the effect of d-tubocurarine on muscles that 
had been immobilized to determine directly whether 
the resistance seen in vivo was a feature >f the 
nerve—-muscle system itself. 


Methods 


The experiments were performed on isolated 
nerve-lumbrical muscle preparations obtainec from 
guinea pigs after a period of forelimb immobilization 
in a plaster cast. The forelimb (side chosen at random) 
was fixed in a plaster cast from above the elbow to 
the tips of the digits. Care was taken to ensure that 
the distal opening did not permit appreciable move- 
ment of the digits because the intent was to :mmo- 
bilize the lumbrical muscles. When the immcbiliza- 
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ED was not accompanied by atrophy. In a parallel series 
of experiments measuring the effect of d-tubocurarine on 
depolarization by carbachol, the apparent d-tubocurarine- 
receptor dissociation constant was determined. Immobili- 
zation produced no change in this parameter. Because im- 
mobilization of one extremity produced sensitivity changes 
in others, the anesthesiologist must be careful not to assume 
that monitoring from any limb will yield normal values in 
a patient with partial immobility. 


Key Words: NEUROMUSCULAR RELAXANTS— 
d-tubocurarine. 


tion was to be for more than a week, the cast was 
lined with a thin layer of padding to minimize the 
likelihood that growth could lead to too tight a fit and 
it was changed at about two weeks when the im- 
mobilization was to be three or four weeks. A collar 
of cardboard about 10 cm in diameter was mounted 
around the animal’s neck. This collar prevented ac- 
cess to the cast but still allowed the animal to move 
freely about the cage, to eat, and to drink. Controls 
with a collar only or with neither collar nor cast were 
included. 

To offset the effect of growth on the size of the pig 
and muscle at the time of assay, the longer periods 
of immobilization were started in younger animals. 
This was successful inasmuch as an analysis of vari- 
ance at the end of the study showed no significant 
variation among weight of animals at the time of assay 
(390 + 63 g, mean + SD). The weight gains were 
about 25 g/week. 

At the end of the period of immobilization the 
lumbrical muscle and its associated nerve were re- 
moved from the limb in the cast along with a muscle 
from the contralateral control forelimb and from one 
hindlimb of unselected side (occasionally one of these 
controls was lost because of the difficulty in dissecting 
the preparation). 

The preparation was mounted in an isolated organ 
bath for isometric tension recording at the resting ten- 
sion yielding maximal developed tension. The nerve 
was mounted in a tunnel electrode and stimulated 
every 10 sec with a shock lasting 0.1 msec at twice 
the intensity producing a maximal twitch response. 
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Figure 1. Example of response to d-tubocurarine in muscles from 
control and immobilized limbs. Ordinates: fractional twitch re- 
sponses to nerve stimulation. Abscissae: concentrations of tubocu- 
rarine. Full circles: control values from the forelimbs of animals with 

no restraint. Open circles: same from hindlimbs. Twelve prepara- 
tions are represented. In each, a logistic function (Tw = 1 

~{dTc}(fdTe]? + EDs); where S is determined by the steepness 
of the relationship) was fitted to the observations. The mean values 
of the parameters ED», and S were used to draw the sigmoid curve. 
Diamonds: corresponding values for a forelimb that has been in a 
cast for one week. Triangles: contralateral control from the animal 
in the cast. Squares: hindlimb control from that animal. 


The bathing solution was of the following composi- 
tion (mM): Na* 138; K* 5.9; Cl” 118; Ca** 1.26; Mg?* 
1.2; HPO, 1.2; S07 1.2; HCO;~ 25; lactate 2.5; 
plus 2.08 g/L glucose bubbled with 95% O,-5% CO; 
and kept at 37°C. The drug dilutions were made in a 
separate chamber at 37°C, and then the final solution 
was added by overflow (6). The dose-response curve 
to d-tubocurarine was determined by adding the drug 
in stepwise concentrations selected to span levels of 
block between none and full. The preparation was 
equilibrated in the bath for 20-30 min before the assay 
began, and the drug was left in contact with the prep- 
aration until the twitch stabilized at each dose level. 

In a parallel set of studies the isolated muscle was 
mounted (without the nerve) in the same bathing so- 
lution but in an apparatus for recording depolariza- 
tion of the end-plate region extracellularly by the mov- 
ing fluid electrode technique (7). In these muscles the 
apparent d-tubocurarine—receptor dissociation con- 
stant was determined by the conventional dose-ratio 
technique (8). 

At the end of the procedure, muscles were fixed 
at their resting length and subsequently embedded 
in paraffin, sectioned serially, and stained. The largest 
cross section was projected onto a video monitor and 
the area of the muscle measured as an estimate of 
muscle size (area was approximated by assuming an 
elliptical shape and taking (7/4) times the product of 
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Figure 2. Summary of the effect of immobilization on sensitivity 
to d-tubocurarine. Ordinates: EDs) values for d-tubocurarine in 
blocking the indirect twitch response. Albscrssae: durations of im- 
mobilization of a forelimb in a cast. Upper panel: muscles from 
immobilized forelimbs. Middle panel: muscles from contralateral fore- 
limbs. Lower panel: muscles from hindlimb. Values at time zero are 
the same in all panels; fore- and hindlimb controls, though indis- 
tinguishable, are plotted with the latter values shifted to the left 
of the former. 


the major and minor axes). The control maximal de- 
veloped tension was used as a second indicator of 
size. Both values were normalized by dividing by the 
animal’s weight taken to the 34 power (to scale roughly 
from volume to area). Effects demonstrable at the 95% 
probability level were considered significant. 


Results 


The general nature of the results is illustrated easily 
in Figure 1, which presents dose-response curves in 
three test muscles from an animal chosen because it 
demonstrated a marked effect. For’reference, the cir- 
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Table 1. d-Tubocurarine ED: (uM) 
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Weeks immobilized 
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Q ji 2 3 4 
T a ahaa e EET ert E a S 
Control 0.429 + 0.026 
(12) 
Forelimb in cast 0.945 + 0.103 LIIS + 0.110 1.012 + 0.122 0.761 + 0.041 
(5) (6) (5) (4) 
Contralateral forelimb 0.795 + 0.109 0.907 + 0.089 0.865 + 0.138 0.606 + 0.061 
(5) (5) (4) (4) 
Hindlimb O.5°1 + 0.067 0.663 + 0.100 0.547 + 0.059 0.547 + 0.018 
(4) (5) 6 (4) 
Weeks in collar 
] 2 3 
Forelimb 0.546 + 0.068 0.504 + 0.048 0.622 = 0.086 0.490 + 0.031 
(5) w (5) (5) 
Hindlimb 0.522 + 0.024 0.542 + 0.027 0.485 + 0.029 0.455 + 0.021 
(5) (5) (5) (5) 


Values given as mean + SEM. n in parenthesis. 


cles and curve give values from 12 limb muscles from 
normal unrestrained guinea pigs. The values for a 
forelimb that has been in a cast for a week (diamonds) 
fall far to the right; the EDso, 1.33 uM, is about four- 
fold higher than that, 0.43 uM, of the control group. 
Interestingly, the values for the other two muscles 
from the animal in the cast also show an inereased 
resistance to the drug. The muscle from the hindlimb 
(squares) is not shifted so much as that from the con- 
tralateral forelimb (triangles). 

The results from many such experiments and over 
a wider range of durations of immobilization are sum- 
marized in Jou. 2 and ae 1. First Oe is Seren 


ing; the degree of immobilization is ; hard te stain 
dardize closely because the extent of padding (both 
hair and extrinsic) is not easily controlled, and the 
animals wiggle to varying degrees while the cast is 
applied. Nevertheless, there can be a very marked 
effect of immobilization. And, as suggested in Figure 
1, the resistance to d-tubocurarine is significant not 
only in the limb in a cast but in other extremities as 
well. 

The results in Figure 2 can be examined more closely. 
First, we did a one-way analysis of variance cømpar- 
ing the five sets of values at 0, 1, 2, 3, and 4 weeks. 
The result was a large and very significant F ratio 
(17.53; 4, 27 df; P < 0.001). Next, inspection of the 
figure indicates a large contribution probably came in 
the first week. Possibly there was a slight fal-off by 
the fourth week. We tested this by repeating the anal- 
ysis of variance with the values for week zero re- 
moved. Now the value of F decreased to 1.86 (3, 16 
df), an insignificant level. Thus the results suggest the 


* 





change we see occurs by the end of the first week of 
immobilization and changes negligibly thereafter. The 
values in the middle panel of Figure 2 behaved sim- 
ilarly (F values of 9.22 and 1.81). Those in the bottom 
panel showed only a marginal difference; the F ratio 
(3.27; 3, 25 df) was significant at only the 0.05 level. 

Because these results suggest that the effect of the 
cast was not restricted to the immobilized limb, a 
series of control animals with the restraining collar 
but no cast was examined. The results are summa- 
rized in Figure 3 and Table 1. Analysis of variance 
indicates there was no significant difference among 
times; the collar was without effect. 

The next question examined was whether the re- 
sistance to the drug resulted from a change in the 
chemical reactivity of the receptor. Figure 4 shows the 
results. There is no sign that the properties of the 
receptor change with immobilization. 

To see whether the resistance to the drug reflected 
some effect of disuse atrophy, the size of the muscle 
was monitored, both directly as cross-sectional area 
and indirectly as the peak developed tension, for com- 
parison with the results in Figure 2. Figure 5 sum- 
marizes the findings. The degree of immobilization 
produced by the cast did not lead to a detectable change 
in size of the muscle; analysis of variance of the values 
in Figure 5 yielded no significant differences. 


Discussion 


Our results parallel those found in patients (1,2) and 
dogs (3). Thus the behavior found in vivo does not 
reflect a circulatory or pharmacokinetic artifact but 
rather some change in the neuromuscular apparatus 
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Figure 4. Effect of immobilization on the d-tubocurarine-receptor 
dissociation constant. Plot format as in Figure 2 except that the 
ordinates are values of the dissociation constant. Control values 
are from pooled fore- and hindlimbs. At one to four weeks values 
for only the immobilized limb are shown. 


itself. The absence of change in the d-tubocurarine 
receptor dissociation constant suggests the receptors 
themselves have not changed. The absence of con- 
comitant atrophy implies a mechanism distinct from 
simple change in size of the muscle. Our experiments 
do not allow us to decide whether or not nerve ter- 
minal sprouting (5) or spread of receptors (4) is in- 
volved (although the latter phenomenon, if present 
at all, was not of sufficient magnitude for us to notice 
a change in the spatial distribution of the depolari- 
zation recorded in our moving fluid electrode exper- 
iments; this is not a very sensitive test because most 
of the spread presumably represents electrotonic fac- 
tors, not distribution of receptors). 

The measures of muscle size used to monitor atro- 
phy—peak developed tension and maximal cross-sec- 
tional area—deserve comment. Atrophy should re- 
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Figure 5. Effect of immobilization on muscle size. Format as in 
Figure 2 except that ordinates are muscle areas in the upper panel 
and peak developed tensions in the lower panel. In both cases the 
values have been normalized for size of animal by dividing by body 
weight raised to the 7⁄4 power. 


duce the cross-sectional area of cells and also the force 
that cells can develop. However, we still observed 
considerable variation. Therefore, because it is rea- 
sonable to expect that larger pigs would have larger 
muscles, we tried to eliminate this factor by normal- 
izing on the basis of weight. Because weight goes up 
with volume, i.e., as the cube of length, and area as 
the square of length, we have converted weight to 
the dimensions of area by taking its two-thirds power. 
While rational, this maneuver was still unable to re- 
duce the scatter enough for us to detect any sign of 
atrophy. Apparently, the lumbrical muscle suffers from 
the disadvantage of being particularly variable in size. 
Inspection of individual points in Figure 5 does’ 
suggest there may be some signs of atrophy hidden 
in the noise. In particular, the measurements of area 
of the limb in a cast at three and four weeks show a 
preponderance of low values. It is not practical to get 
a sample size large enough to confirm this impression 
of a trend. In any case, even if muscle size is beginning 
to drop by the third or fourth week, this time course 
would differ from that for the increase in sensitivity 
seen in Figure 2. The latter effect appears earlier. 
The extent of involvement of muscles from limbs 
not in a cast was surprising. Our experiments do not 
allow us to say why. We suspect the presence of a 
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cast on one foot leads to reduced activity in toto and 
this surfaces as a decrease in sensitivity to d- 
tubocurarine. 

Whereas analysis of variance indicated no signifi- 
cant differences among the temporal groups in those 
animals with restraining collar but not cast, inspection 
of the values at one, two, and three weeks shows a 
few values above the range of the control (week zero) 
values. Possibly even such a slight impediment to 
motility as was presented by the collar can lead to a 
shift of sensitivity. This, of course, is in line with our 
impression that the changes seen in the muscles from 
control limbs of immobilized animals reflect a gen- 
eralized effect of interference with mobility. The etfect 
can be pronounced in a given individual. For example 
see Figure 3; at three weeks one of the animals had 
an EDs) of 0.9 uM, double the control mean. That 
would correspond to a dosage requirement of 60 mg 
instead of 30 mg in a patient. 

Regardless of the cause, the generalized efiect of 
local immobilization is important. It implies that the 
anesthesiologist using a peripheral nerve stimulator 
in the operating room should not assume that place- 
ment of the apparatus on a limb other than that where 
immobilization or disuse atrophy is present will be 
associated with a “normal” recording. For example, 


WAUD ET AL. 


if a neuromuscular blocking agent is titrated against 
that limb, if that limb is exhibiting the reduced sen- 
sitivity we describe, and if the diaphragm does not, 
then paralysis of respiration may be more severe than 
intended or appreciated. 
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KOSEK JC. Effects of volatile anesthetics or fentanyl on 
hepatic function in cirrhotic rats. Anesth Analg 
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Halothane, enflurane, isoflurane, and fentanyl were ex- 
amined for their potential to exacerbate liver dysfunction in 
rats with preexisting cirrhosis. Male Wistar rats given so- 
dium phenobarbital for 2 weeks are assigned randomly to 
two groups. One group (cirrhotic) was exposed by inhalation 
to carbon tetrachloride (CCI) in air at weekly intervals for 
12 weeks to induce cirrhosis. The other group Qroncirrhotic) 
was handled similarly but received air only. Five weeks after 
the last exposure to CCl, cirrhotic and nonctrrhotic rats 
were given three hours of 1 MAC halothane, enflurane, or 
isoflurane in 50% oxygen, or 350 pg fentanyl per kg of 
body weight and 50% oxygen, or 90% oxygen only. Blood 
gas tensions and blood glucose levels were measured before, 
during, and at the end of exposure. Forty-eight hours after 
exposure, serum chemistries were measured in each rat for 








comparison with preexposure values. Rats were then killed 
by CO, overdose, and liver, kidney, and testis were prepa red 
for microscopic examination, Enflurane, isoflurane, and 
halothane, but not fentanyl, produced mild respiratory ac- 
idosis and no change in serum glucose levels, All anesthetics 
resulted in a mild but similar degree of acute liver dys- 
function as indicated by small increases in SGOT or SGPT 
in both cirrhotic and noncirrhotic rats. Liver histology re- 
vealed mild to moderate portal cirrhosis with fibrosis and 
well-developed micronodules in rats exposed to CCh, but 
no superimposed acute hepatocellular damage was noted. It 
is concluded that all the anesthetics used in this study were 
associated with the same minimal degree of postanesthetic 
hepatic dysfunction and that the dysfunction was sinular 
int both cirrhotic and noncirrhotic rats. 


Key Words: ANESTHETICS, VOLATILE—enflurane, 
halothane, isoflurane. ANALGESICS—fentanyl. 
LIVER—cirrhosis. 








The number of individuals with liver disease has in- 
creased steadily over the last 40 years in the United 
States, due mainly to the increase in alcohol abuse 
(1,2). Even greater increases have been seen in Can- 
ada where cirrhosis is now one of the leading causes 
of death for men in the productive years from 25 to 
64 (3). More cirrhotic patients are, therefore, pre- 
senting for anesthesia and surgery, and an even greater 
number may be expected in the future. Limited evi- 
dence indicates that liver function in cirrhotic patients 
is made worse by surgery, whether performed under 
general (with either cyclopropane or ether) or regional 
anesthesia (4). However, modern anesthetic drugs and 
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techniques have not been investigated adequately. 
Thus we undertook to determine whether the cur- 
rently used inhalation anesthetics, halothane, enflur- 
ane, and isoflurane, and the narcotic analgesic, fen- 
tanyl, exacerbate liver dysfunction in experimental 
animals with normal livers and preexisting liver cir- 
rhosis. We used a model of cirrhosis in the rat that 
we have recently refined in our laboratory (9). 


Materials and Methods 


Two hundred male Wistar rats (Hilltop Labs, Chat- 
sworth, CA), 200-230 g, were individually ear-tagged 
and randomly divided into two groups. They were 
housed four to a cage and were bedded on ground 
corn cob (Paxton Processing Company, Paxton, IL) in 
polypropylene plastic cages with stainless steel lids. 
They were supplied with small animal chow (Wayne 
Lab Blox, Allied Mills, Inc., Chicago, IL) and tap water 
at all times, except during treatment when both were 
removed. Rats were weighed twice weekly through- 
out the study. After a 2-week period of quarantine, 
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Table 1. Body Weights (g, mean + SEM) 
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Group Before CCl, 
Noncirrhotic rats 215 +20 
(n = 60) 
Cirrhotic rats 223 + 2.1] 
(n = 55) 





"Significantly less than noncirrhotic rats (P < 0.05). 


0.05% sodium phenobarbital was added to the drink- 
ing water. One week later, one group of rats (cirrhotic) 
was exposed for 2 min to 1-2% carbon tetrachioride 
(CCL) in air in a 100-L Plexiglas chamber. Each week 
thereafter each rat was exposed to CCl, for progres- 
sively longer times, reaching a maximum of 8 min by 
the final exposure in the twelfth week. Concentra- 
tions of CCl, were measured several times during 
each exposure with a Hewlett Packard model 5820A 
gas chromatograph. After the last CCl, exposure, so- 
dium phenobarbital was discontinued. The other group 
of rats (noncirrhotic) was handled similarly but were 
exposed to air only. Three weeks after the lest ex- 
posure to CCl, an SMAC 20 was performed using a 
Technicon autoanalyzer on serum obtained from tail- 
blood of each rat. The albumin/globulin (A/G) ratios, 
the serum bilirubin levels, and the weight data in- 
dicated that all 80 surviving rats exposed to CC}, but 
none exposed to air, had developed some degree of 
cirrhosis. Fifteen cirrhotic rats were assigned te each 
of five groups so that the degree of cirrhosis was.about 
the same in each group. In addition, sixteen moncir- 
rhotic rats were assigned randomly to each group. 
Two weeks after the first SMAC 20, a second SMAC 
20 was taken. Twenty-four hours later, four cirrhotic 
and four noncirrhotic rats from each group were cho- 
sen randomly, and their right carotid arteries were 
cannulated under ketamine anesthesia (70 mg’kg of 
body weight). Twenty-four hours later, groups were 
treated with one of the following: 1.44% (1 MAC) 
isoflurane in 50% oxygen (group 1); 1.05% (1 MAC) 
` halothane in 50% oxygen (group 2); 2.20% (1 MAC) 
enflurane in 50% oxygen (group 3); one subcutaneous 
injection of 350 ug fentanyl per kg of body weight 
and 50% oxygen (group 4); and 50% oxygen (group 
5). Arterial blood for measurement of gas tensions 
and glucose levels was obtained from cannulated rats 
immediately prior to anesthesia or exposure to 50% 
oxygen. All exposures were for 3 hr in a 1000-L ca- 
pacity Plexiglas chamber. During exposure, anes- 
thetic concentrations were monitored contingously 
with a Miran 1-F infrared gas analyzer and were kept 
within 5% of the desired value. Oxygen concentration 
was monitored continuously with an IL-402 oxygen 
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monitor and maintained between 48 and 52%. Carbon 
dioxide concentration was intermittently monitored 
with a Beckman LB-2 analyzer and was kept less than 
0.1%. Chamber temperature was monitored contin- 
uously and kept at a level that maintained the rats’ 
body temperature between 36 and 38°C. Blood pres- 
sure was monitored intermittently during exposure, 
and blood samples were taken at 1.5 and 3 hr for 
measurements of blood gas tensions and glucose lev- 
els. Forty-eight hours after treatment, rats were again 
tail-bled for a SMAC 20, then killed by carbon dioxide 
overdose, and autopsied. Tissues were examined in 
situ, then dissected from the carcass and reexamined. 
Liver, kidneys, spleen, and testes were weighed fresh 
and fixed in 10% neutral buffered formalin. Histologic 
sections (4—6 um thick) were cut from all five lobes 
of the liver of each rat and were stained with hema- 
toxylin and eosin or with Mallory’s trichrome for col- 
lagen. Histologic features of cirrhosis and superim- 
posed acute hepatocellular damage were assessed 
without knowledge of treatment. These were graded 
as absent, mild, moderate, or severe, based on ac- 
cepted histologic criteria (6). In addition, testis and 
kidney sections from selected cirrhotic and noncir- 
rhotic rats were prepared and examined for damage. 
Analysis of variance and Student’s t-test were used 
to determine differences among the groups; P < 0.05 
was considered statistically significant. 


Results 


Twenty percent of rats exposed to CCl, over a 12- 
week period died, whereas none of the rats exposed 
only to air died. Most deaths occurred after one or 
two exposures to CCl, and were due to acute liver 
damage. Later deaths were due to the complications 
of chronic liver failure such as infection and pleural 
effusions leading to respiratory failure. Thus the sur- 
viving cirrhotic rats were those most resistant to the 
effects of CCl. 

Mean body weight in the cirrhotic group was sig- 
nificantly lower than in the noncirrhotic group after 
the first exposure to CCl, and remained lower 
throughout the study (Table 1). The A/G ratio was 
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ANESTHESIA IN CIRRHOTIC RATS 


Table 2. Selected Serum Chemistries (mean + SEM) 








After CCl, Before anesthesia and analgesia 





Group A/G ratio SGOT! SGPT” A/G ratio SGOT” SGPT” 
Noncirrhotic rats 1.18 + 0.02 88 + 2.0 60 + 2.0 1.18 + 0.01 108 +. 13:1 Ti SBT 
Gt = 60) 
Cirrhotic rats 0.90 + 0.01" 208-2 F3 161l + 5.6" 0.96 + 0.02" 98 + 8.0 82 + 49 
(7 = 55) 
“In TUAL. 


“Significantly different from noncirrhotic rats (P < 0.01). 


[able 3. Selected Serum Chemistries (Mean + sem) Before and After Exposure to Anesthesia/Anal Jesa 
tapie 2 F 5 





SGOT” SGPT” A/G ratio 
Group Before After Before After Before After 

Noncirrhotic rats 

Isoflurane (n = 12) 93.25 + 5.36 111.92 + 6.67” 63.92 + 4.47 67.00 + 2.45 1.18 + 0.01 1.24 + 0.02 

Halothane (n = 12) 95.41 + 5.67 95.00 + 4.05 88.00 + 4.24 87.42 + 3.84 1.16 + 0.02 1.19 + 0.04 

Enflurane (1 = 11) 99.17 + 7.03 110.18 + 4.13 68.83 + 3.50 82.64 + 4.65 1.14 + 0.02 T22 0.03 

Fentanyl (n = 12) 89,00 + 2.93 101.50 + 4.3% 63.10 + 2.14 68.75 + 2.04 1.19 + 0.01 1.18 0-04 

Oxygen (a = 12) 98.25 + 8.67 106.08 = 9.42 62.17 & 11.85 72.17 + 9,53 TRE 1.19 + 0.01 
Cirrhotic rats 

Isoflurane (#1 = 9) 91.89 + 4.40 OPT a SI 7 68.22 + 4.11 80.33 + 6.58" rO 005 1.02 + 0.06 

Halothane (n = 11) 88.27 + 3.78 96.82 + 7.37 79.64 + 5.79 110.64 + 0.53 1.02 + 0.02 1.08: + 0.03 

Enflurane {n = ID 102.00 = 8.74 124.45 + 11.67 838.73 + 10.57 115.09 + 14.04 1.00 + 0.02 1.02 + 0.02 

Fentanyl (n = 11) 85.08 + 8.37 108.42 + 10.56" 75.17 + 7.05 76.08 + 5.04 0.92 + 0.05 0.93 + 0.04 

Oxygen (n = 11) 83.00 + 8.19 89.45 + 8.8] S7./3 + 7.76 95.09 + 7.17 0.93 + 0.02 0.95 + 0.02 
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significantly lower in the cirrhotic group than in the 
noncirrhotic group 3 weeks after the last CCl, expo- 
sure and immediately before anesthesia and analgesia 
(Table 2). SGOT and SGPT levels, significantly higher 
in the cirrhotic group than in the noncirrhotic group 
3 weeks after the last CCl, exposure, had returned to 
normal immediately before anesthesia and analgesia 
(Table 2). 

Two cirrhotic rats died during exposure to isoflur- 
ane and one noncirrhotic rat died during exposure to 
enflurane. The cause of these deaths was not estab- 
lished, though the two cirrhotic rats had the greatest 
degree of cirrhosis in the isoflurane group. All other 
rats recovered quickly after the exposure to anesthesia 
and analgesia and appeared in excellent health. 

SGOT and SGPT levels after anesthetic and anal- 
gesic exposure in both cirrhotic and noncirrhotic rats 
were generally increased compared with preanes- 
thetic and analgesic values for all groups other than 
the oxygen-treated group (Table 3). These increases, 
though small in magnitude, were often statistically 
significant. Although there were minor differences, 
the overall effects of anesthesia and analgesia on SGOT 
and SGPT values were about the same in cirrhotic and 
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noncirrhotic rats for all groups. Other serum chem- 
istries, including alkaline phosphatase and total bili- 
rubin, were not changed after exposure to anesthesia 
and analgesia. 

Blood pressure and oxygenation remained normal 
throughout exposure to anesthesia and analgesia. In 
general, Paco, in the anesthetic exposed groups in- 
creased slowly from about 35 to 55 mm Hg, and pH 
decreased from about 7.5 to 7.3 (Table 4), a pattern 
consistent with a respiratory acidosis. The effects of 
fentanyl on Paco, and pH were much less marked. 

No changes were seen in blood glucose levels in 
either cirrhotic or noncirrhotic rats during exposure 
to anesthesia and analgesia. The mean values for all 
the groups of cirrhotic and noncirrhotic rats were about 
110 mg of glucose per dl of blood (range 90-140 mg), 
and they did not change significantly throughout the 
3-hr treatment. 

Mean liver and kidney weights of cirrhotic rats were 
slightly greater than those of noncirrhotic rats (Table 
3). In addition, the mean spleen weights of cirrhotic 
rats were significantly greater (P < 0.01) than those 
of the noncirrhotic rats (Table 5). The mean weights 
of the testes in the cirrhotic rats were slightly less 
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Table 4. Blood Gas Tensions (Mean + sem) at the Start and Conclusion of Exposure to Anesthetics/Analgesia 





Pao," Paco,” pH 
Group Start End Start End Start End 
Noncirrhotic rats 
Isoflurane (n = 2) 85.50 + 8.50 198.50 + 250 38.50 + 5.50 57.00 + 10.00 7.48 + 0.03 7.35 + 0.55 
Halothane (1 = 4) 91.75 + 1.38 186.67 + 533 32.25 + 1.58 55.67 + 4.41 Fo. e 7.35 + 0.21 
Enflurane (n = 4) 93.75 + 0.95 195.75 + 18.32 30.00 + 0.41 59:25 2.25 7.58 + 0.01 7.30 + 0.17 
Fentanyl (n = 3) 88.33 + 4.41 161.33 + 25.09 32.00 + 0.58 37.00 + 2.08 7.52 + 0.00 poa o 017 
Oxygen (7 = 2) 85.50 + 5.50 194.00 + 5.00 33.50 + 0.50 33.50 + 1.50 7.50 2 0.01 7.45 + 0.50 
Cirrhotic rats 
Isoflurane (n = 2) 95.50 + 6.50 165.50 + 5.50 29.50 + 4.50 61.00 + 6.00 7.53 02 TAr 29,03 
Halothane {n = 3) 83.33 + 1.76 185.67 + 7.31 31.67 + 0.33 52.33 + 3.18 7.48 + 0.01 7.34 + 0.02 
Enflurane (n = 4) 95.00 + 1.27 203.75 = 6.17 30.25 + 1.49 63.75 + 5.50 AE O02 7.26 + 0.04 
Fentanyl (7 = 4) 100.00 + 5.48 125.00 + 13.00 27.25 + 1.55 35.50 + 1.50 7.53 + 0.02 7.46 + 0.02 
Oxygen (n = 4) 90.00 + 4.16 195.00 + 5.84 33.33 + 2.40 26.67 + 3.71 7.49 + 0.01 7.57 ż 0.04 
‘Measured in mm Hg. 
Table 5. Organ Weights (g, mean + SEM) 
Kidneys Testes 
Group Liver Right Left Spleen Right Left 
Noncirrhotic rats 16.34 + 4.06 E62. 2-016 + 0.16 0.79 209 EsTa udo 1.002. 015 
(n = 59) 
Cirrhotic rats 17.94 + 2.99 1.68 + 0.2 + ().22 103-0. 28" L762 0315 1.75 + 0.18 
(n = 53) 
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“Significantly greater than nonecirrhotic group (P < 0.01). 


than those of the noncirrhotic rats, although mo tes- 
ticular atrophy was observed on histologic examination. 

Histologically, livers of rats exposed to CCL, showed 
mild to moderate portal cirrhosis with fibrosis and 
well-developed micronodules but only slight evi- 
dence of fatty infiltration. Neither livers of cirrhotic 
rats nor those of noncirrhotic rats showed evidence 
of acute necrosis. No significant histologic changes 
were observed in kidneys or testes. 


Discussion 


Most clinicians believe that liver function in cirrhotic 
patients is made worse by anesthesia and surgery, 
yet little work has been done to determine the causes. 
In an early study, French et al. found that postop- 
erative liver dysfunction is greater in patients with 
chronic liver disease, most notably cirrhosis, than in 
patients with normal preoperative liver functicn who 
were having similar operations (4). They also noted 
that although the separate contributions of surgery 
and anesthesia with diethyl ether or cyclopropane 
could not be determined, the extent to which liver 
function worsened was correlated closely with the 
severity of the preexisting liver disease. The possible 
reasons for such.a correlation were not elucidated. 


Furthermore, this study was performed before the 
introduction of modern halogenated anesthetics, and 
a paucity of information exists on both the degree to 
which agents like halothane contribute to liver dys- 
function in patients with chronic liver disease and on 
the mechanisms involved (5). It may seem surprising 
that little further work has been done in humans. 
There are, however, several reasons for this. First, the 
degree of functional impairment varies widely among 
patients diagnosed as having a specific type of chronic 
liver disease. Second, currently used clinical and lab- 
oratory criteria for assessing the severity of liver dys- 
function are relatively crude; therefore, it is difficult 
to stratify study groups on the basis of severity of 
disease. Because groups are usually heterogeneous, 

statistical power is low unless large and often unat- 
tainable group sizes are used. The difficulty in as- 
sessing severity of liver disease also creates difficulties 

in assessing small to moderate changes in liver func- 
tion after a particular treatment. Third, patients with 
chronic liver disease often receive concomitant ther- 
apy with a multitude of other drugs, raising the pos- 
sibility of confounding drug—drug interactions. Fi- 
nally, there remains the problem of dissociating the 
effects of anesthesia on postoperative liver function 
from the effects of surgery. 
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To overcome the problems of human studies, many 
investigators have developed animal models of cir- 
rhosis (7-9). We recently refined such a model in the 
rat, which closely resembles human alcoholic cirrho- 
sis, and used it to study the effects of halothane (5). 
in the present study we have extended this work by 
examining other drugs used in anesthetic practice. We 
round enflurane, isoflurane, and halothane at 1 MAC 
resulted in a mild but similar degree of acute liver 
dysfunction as indicated by small increases in SGOT 
and SGPT. However, the dysfunction was about the 
same as in noncirrhotic rats, suggesting that the pres- 
ence of preexisting cirrhosis did not exacerbate the 
acute effects of any of these anesthetics on liver func- 
tion. Fentanyl also produced mild liver dysfunction 
that was independent of the presence of cirrhosis. The 
detrimental effects of narcotics on liver function have 
been observed by other investigators (10,11). 

Rats exposed to anesthetic and analgesic in this 
study were found to have only moderate degrees of 
cirrhosis. There remains the possibility that different 
results would occur in the presence of severe cirrhosis 
with a more advanced degree of liver dysfunction and 
portal hypertension. This notwithstanding, we could 


Figure 1. Trichrome-stained liver section of rat treated with carbon 
tetrachloride (x 100). The section is characteristic of the portal cir- 
rhotic lesion with well-developed micronodules separated by thin 
fibrous trabeculae. 


find no advantage for using one anesthetic over an- 
other or for using fentanyl in the presence of preex- 
isting liver disease. However, the relatively large var- 
iance in the liver function tests together with the small 
group sizes and the multiple groups that were com- 
pared promote the likelihood that a B-type error may ` 

exist at the level of significance at which we were 
testing (12). 
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FUJIMORI M. Intravenous lidocaine as a suppressant of 
coughing during tracheal intubation. Anesth Analg 
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Effects of intravenously administered lidocaine on cough 
suppression during tracheal intubation under general anes- 
thesia were evaluated in two studies. In study 1, 100 pa- 
tients received either a placebo or 0.5, 1.0, 1.5, or 2.0 mg/kg 
lidocaine intravenously 1 min before tracheal intubation. 
All visible coughs were classified as coughing. The incidence 
of coughing decreased as the dose of lidocaine increased, A 
dose of 1 me/kg or more of intravenous lidocaine suppressed 
the cough reflex significantly (P < 0.01). Coughing was 
suppressed completely by 2 mg/kg of intravenous lidocaine. 


It is well known that small intravenous doses of lido- 
caine suppress the cough reflex without serious side 
effects (1-4) during endotracheal intubation, extu- 
bation, bronchography, bronchoscopy, and laryngos- 
copy (1,2,5-7). The dose of lidocaine needed to sup- 
press coughing during tracheal intubation under 
general anesthesia and the time it should be given 
have not, however, been defined. This study was 


designed to determine the optimal dose and the ef- 


fective time of intravenous lidocaine for suppression 


of coughing during tracheal intubation under gen- 
eral anesthesia induced by a face mask with 


N.O—halothane—O> . 


Methods 


The study included 208 ASA physical status | patients 
scheduled for orthopedic, urologic, gynecologic, and 
general surgery, whose ages ranged from 15-55 yr 
with a mean age of 38 yr and a mean weight of 53 
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In study 2, 108 patients received 2 mg/kg lidocaine intra- 
venously or a placebo 1, 3, 5, 7, 10, or 15 min before 
intubation. The same criteria for determining whether a 
patient did or did not cough during tracheal intubation were 
used as in study 1. The incidence of coughing decreased 
significantly (P < 0.01) when 2 mg/kg of lidocaine was 
mjected intravenously between 1 and 5 min before our at- 
tempting intubation. Cough reflex was suppressed com- 
pletely by plasma concentrations of lidocaine in excess of 
3 pg/ml, 


Key Words: INTUBATION, TRACHEAL—intravenous 
lidocaine. ANESTHETICS, roca.—intravenous lido- 


caine. 


kg. There were 46 men and 162 women. Informed 
consent was obtained from each patient, and the pro- 
tocol was approved by the Institutional Human Stud- 
ies Committee. Preanesthetic medications consisted 
of intramuscular atropine (0.5 mg) and either seco- 
barbital (100 mg) or diazepam (10 mg) given intra- 
muscularly 60-90 min before induction of anesthesia. 


Study 1 


One hundred patients were assigned at random to 
one of five groups with 20 patients in each category. 
Anesthesia was induced by a face mask with 67% 
nitrous oxide and halothane in oxygen. Halothane 
concentration was increased gradually by 0.5% with 
each successive respiration and reached 3% within 30 
sec. Respirations were spontaneous throughout the 
study. Lidocaine (0.5, 1.0, 1.5, or 2.0 mg/kg) or pla- 
cebo (saline) was administered intravenously using a 
double blind technique. The staff anesthesiologist based 
observations that satisfactory surgical anesthesia had 
been reached on criteria including changes in respi- 
ratory pattern, the size of the pupils, and fixation of 
the eyeball in the central position. After the injection 
of lidocaine or placebo, respiration was assisted for 1 
min, and the trachea then was intubated without 
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Table1. Induction Timesand Intubation Timesin Stucy 1" 


Induction time Intubation time 





(min) (sec) 
Placebo 10.4 155° 43.82: 15,1 
Lidocaine (intravenous) 
0.5 mg/kg 10.2 + 0.6 42.4 + 19.1 
1.0 mg/kg 10.6 + 1.1 44.7 + 12.5 
1.5 mg/kg 10.6:4:0.9 39.6 + 148.3 
2.0 mg/kg Woe 14 46.0 + 17.0 





44 = 20 in each group. 
'Mean + sp. 


muscle relaxant, topical anesthetic, or stylet. Anes- 
thesia was maintained with 67% nitrous oxice and 
1% halothane in oxygen by manual ventilatiom for 2 
min after tracheal intubation. Patients with difficult 
or esophageal intubation were eliminated from the 
study. Induction time of anesthesia (time from the 
application to removal of the face mask) and tracheal 
intubation time (time from removal of the face mask 
to the first manual ventilation after tracheal intuba- 
tion) were measured. All visible coughs were classi- 
fied as coughing. No attempt was made to evaluate 
the degree of severity of coughing. Data were ana- 
lyzed using multiple comparisons as described by 
Goodman (8) and modified by Miller (9). This is an 
adaptation of Scheffé’s F-projection to nomina: data. 


Study 2 


Anesthesia was induced by a face mask with nitrous 
oxide-halothane—oxygen as described in study 1. In 
study 2, induction time was, as determined in study 
1, consistently 10.5 min. One hundred and eight pa- 
tients received 2 mg/kg intravenous lidocaine or a 
placebo in a double-blind manner 1, 3, 5, 7, 10, or 13 
min before removal of the face mask. The 108 patients 
were divided at random into six groups according to 
the administration time of 2 mg/kg intravenous lido- 
caine or the placebo, with 18 patients in each group. 
Each group of 18 patients consisted of 15 patients 
given 2 mg/kg intravenous lidocaine and 3 patients 
given the placebo. Respiration was assisted for 1 min 
before the removal of the face mask. The trachea was 
then intubated and anesthesia maintained with 
N,O-O,—halothane, as described in study 1. Patients 
with difficult or esophageal intubation were elimi- 
nated from the study. Intubation time was measured, 
and the same criteria as in study 1 were used for 
determining whether a patient did or did not cough 
during tracheal intubation. 

From each group, four or five patients were se- 
lected at random for arterial blood sampling. Samples 
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Table 2. Incidence of Coughing in Study 1 





Incidence of coughing (“%) 


Placebo 70 
Lidocaine (intravenous) 
0.5 mg/kg 65 
1.0 mg/kg 30 
1.5 mg/kg 20 
2.0 mg/kg 0 


were withdrawn within 10 sec at intubation for mea- 
surement of plasma lidocaine concentrations by gas 
chromatographic analysis. The concentrations in the 
two groups of patients, those who coughed and those 
who did not, were compared using the “two-sample” 
t-test in the Minitab statistical package. Other data 
were analyzed using multiple comparisons, as de- 
scribed in study 1. 


Results 
Study 1 


There were no significant differences among the groups 
in sex, age, weight or height. Induction time (average 
time, 10.5 min), intubation time (average time, 43.3 
sec), and the incidence of coughing is shown in Tables 
1 and 2. The incidence of coughing decreased as the 
dose of intravenous lidocaine increased. A dose of 1 
mg/kg or more of intravenous lidocaine suppressed 
the cough reflex significantly (P < 0.01). Intravenous 
lidocaine in doses of 2 mg/kg suppressed the cough 
reflex completely. 


Study 2 


There were no significant differences among the groups 
in sex, age, weight, or height. Intubation time, about 
43 sec, was similar in all groups. The incidence of 
coughing and plasma concentrations of lidocaine are 
shown in Tables 3 and 4. Coughing was suppressed 
completely 1 min after injection of 2 mg/kg of lidocaine 
intravenously. At 3 and 5 min after injection, there 
was significant depression of the cough reflex (P < 
0.01). At 7 min and thereafter, however, suppression 
of the cough reflex was no longer significant. The 
mean plasma concentration of lidocaine (mean + SD) 
was significantly greater in those patients who did 
not cough (3.95 + 1.76 ug/ml) than in those who did 
cough (2.30 + 0.56 ug/ml) (P < 0.01). Coughing was 
completely suppressed by plasma lidocaine concen- 
trations in excess of 3 ug/ml (Fig. 1). Serious side 
effects of intravenous lidocaine did not occur in either 
study 1 or 2. 


COUGH SUPPRESSION BY LIDOCAINE IV 


Table 3. Incidence of Coughing in Study 2 
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Incidence of cou ghing (%) 





l min? (n = 15) 0 
3 min {n = 15) 13 
5S min (# = 15) 13 
7 min (n = 15 33 
Omin- 45) 53 
15 min (7 = 15) 53 
Placebo (1 = 18) 67 


“Time between administration of lidocaine, 2 mg/kg, and removal of the 
face mask. 


Table 4. Arterial Plasma Concentrations of Lidocaine in 
Study 2 


Tr Rn 


Time’ (min) 


l (n = 4) 6.24 £ 451° 
3(n = 4) 3:65 2 L2 
5(n = 5) Si bio. a2 
7(n = 4) 2.99 + 0.49 
10 (n = 4) 2.18 + 0.78 
15 Gt = 4) EBI = 0.63 


“Time, time from administration of lidocaine, 2 mg/kg intravenously, to 
removal of the face mask. 
"Lidocaine concentration, plasma concentration of lidecaine at the time 


of intubation. 


Mean £ sp, 


Discussion 


There are many reports on the cough-suppressant 
effect of intravenous lidocaine. Steinhaus et al. (10), 
for example, reported that intravenous lidocaine sup- 
presses the cough reflex produced by moving the en- 
dotracheal tube. Smith et al. (2) reported that a test 
dose of 2% lidocaine, 40 mg, followed by an additional 
150-200 mg injected in less than 60 sec suppressed 
the cough reflex successfully for 8—9 min during bron- 
chography after tracheal intubation with thiopental 
and succinylcholine. Although other investigators also 
reported successful cough suppression by intrave- 
nous lidocaine during tracheal intubation, extubation, 
bronchoscopy, and laryngoscopy (1,5-7) under gen- 
eral anesthesia, dose-dependent responses of intra- 
venous lidocaine and the correlation of plasma con- 
centration of lidocaine with cough suppression have 
not been examined in previous studies. 

In the present study, the effect of intravenous lido- 
caine on cough suppression was increased in a dose- 
dependent manner and correlated well with plasma 
levels of lidocaine. Administration of 2 mg/kg intra- 
venous lidocaine was effective in blocking the cough 
reflex during tracheal intubation with the patient un- 
der general anesthesia induced by a face mask with 
N2O—halothane-O,. Coughing was effectively elimi- 
nated by plasma concentrations of lidocaine in excess 
of 3 ug/ml. 
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Figure 1, Plasma concentrations of lidocaine at the time of intu- 
bation in patients who did (+) and did not (—) cough. 


Plasma concentrations of lidocaine after 2 mg/kg of 
intravenous lidocaine may be high enough to be as- 
sociated with possible systemic toxicity. The lack of 
side effects in this study may be related to the fact 
that the patients were under general anesthesia. 

It is concluded that the optimal dose of lidocaine 
is 2 mg/kg intravenously for the suppression of cough- 
ing stimulated by tracheal intubation after induction 
of anesthesia with nitrous oxide and halothane. The 
data also indicate that intravenous lidocaine sup- 
presses the cough reflex effectively without serious 
side effects if patients are well anesthetized. 
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Does Intravenous Lidocaine Prevent Laryngospasm after 


Extubation in Children? 
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LEICHT P, WISBORG T, CHRAEMMER-[ORGENSEN B. 
Does intravenous lidocaine prevent laryngospasm after 
extubation in children? Anesth Analg 1985;64:1193-6. 


One hundred otherwise healthy children undergoing ton- 
sillectomy were investigated in a double-blind study to ex- 
amine the effect of intravenous lidocaine in preventing lar- 
yngospasm upon extubation. The children were anesthetized 
with NxO-O,-halothane and orally intubated. They were 
randomly given lidocaine, 1.5 mg/kg, or saline intrave- 
nously prior to extubation, which took place at the same 


depth of anesthesia, namely when there were signs of swal- 

lowing activity. Eleven children (2%) in each group of 50 

developed laryngospasm. From our findings it is concluded 

thai lidocaine, 1.5 mg/kg, does not prevent laryngospasm 
a + K L 

upon extubation when extubation is carried out at the start 

of swallowing activity. 





Key Words: ANESTHESIA—otolaryngologic. LAR- 
YNX—spasm. ANESTHETICS, tocat—lidocaine in- 
travenously. 








Intravenous lidocaine has been shown to suppress 
effectively persistent cough caused by bronchoscopy 
(1). Lidocaine, given topically to the larynx and tra- 
chea (2) or intravenously (3), has been shown to blunt 
the increases in heart rate and blood pressure asso- 
dated with laryngoscopy and endotracheal intuba- 
ton. The data of Hamill et al. (4) indicated that 
lidocaine prevented intracranial hypertension after in- 
tubation and also limited the intensity and duration 
of cardiovascular stimulation. Furthermore, they 
showed that the intravenous route was the preferred 
technique for administering lidocaine. Bidwai et al. 
(5) demonstrated that intravenous lidocaine pre- 
vented coughing and increases in blood pressure and 
heart rate during and after endotracheal extubation. 
Adenotonsillectomy, a brief surgical procedure, can 
present major acute problems of bleeding, airway ob- 
struction, and cardiac arrhythmias. As a consequence, 
the patient must have a rapid return to responsive- 
ness with intact protective airway reflexes before tra- 
cheal extubation. Occasionally, this procedure is fol- 
lowed by laryngospasm, a serious complication, which 
is almost always associated with airway manipulation 
by the anesthesiologist or with the presence of foreign 
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material in the larynx of the lightly anesthetized pa- 
tient. In an open study including 40 children undergo- 
ing tonsillectomy, Baraka (6) showed that intravenous 
lidocaine prevented extubation laryngospasm. The 
purpose of this controlled clinical trial using double- 
blind technique was, therefore, to confirm or reject 
the asserted prophylactic effect of lidocaine against 
laryngospasm after tracheal extubation. 


Material and Methods 


One hundred otherwise healthy children older than 
l yr of age and with a body weight less than 40 kg 
scheduled for elective tonsillectomy under general 
anesthesia participated in the study. Children with 
known hypersensitivity to lidocaine were not in- 
cluded. The study protocol was approved by the Co- 
penhagen County Human Investigation Committee. 
Informed consent was obtained from the parents of 
all participating children. 

All the children were premedicated half an hour 
prior to expected induction of anesthesia by intra- 
muscular injection of 0.05 ml/kg body weight of a 
solution containing meperidine, 28 mg/ml, chlor- 
promazine, 7 mg/ml, and promethazine, 7 mg/ml. In- 
duction of anesthesia was performed by inhalation of 
N2O-O>—halothane by face mask followed by orotra- 
cheal intubation without the use of a muscle relaxant. 
Anesthesia was maintained with N,O-O, (50% each) 
and halothane as needed. Ventilation was controlled 
manually using a Bain system. All the children had 
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an intravenous cannula placed after induction of anes- 
thesia, and the ECG was continuously monitored 
throughout the procedure. In case of bradycardia, 
atropine, 0.01 mg/kg body weight, was given intra- 
venously. At the end of surgery, halothane was dis- 
continued, and the child was ventilated with N2O-O;, 
(50% each) for 5 min, aiming at normoventilation. The 
pharynx was suctioned thoroughly and inspected for 
bleeding, and for the next 5 min the child was ven- 
tilated with N,O-O, (50% each), aiming at sponta- 
neous breathing. When spontaneous ventilation was 
achieved and 10 min had passed after discontinuation 
of halothane, the N-O was turned off and an injection 
of 0.15 ml/kg of a solution drawn from a neutrally 
marked vial containing either lidocaine, 10 mg/m! (1%), 
or normal saline was given intravenously according 
to the allocation, the injection lasting 1 min. t was 
the intention to extubate the child after a minimum 
of 1 min when the child was still breathing sponta- 
neously and had started swallowing. The time from 
the end of the 1 min injection of lidocaine—saline until 
extubation was recorded in all children. Laryngo- 
spasm was defined as a condition occurring within 2 
min after extubation and characterized by the follow- 
ing findings, the severity of which were graded on a 
three point scale: 1, stridor on inspiration; 2. total 
occlusion of the cords (silence with no air movement); 
and 3, cyanosis. Children who developed laryngo- 
spasm were treated on the basis of the following prin- 
ciples according to the severity of symptoms: |, pos- 
itive pressure ventilation with 100% O»; 2, suctoning 
of the pharynx; 3, intravenous atropine; 4, intrave- 
nous succinylcholine; and 5, reintubation. 
The results were evaluated statistically using the 





x test with the correction of Yates for comparison of 


qualitative variables. The t-test was used for compar- 
ison of quantitative variables. The chosen level of sig- 
nificance was 2a = 5%. When planning the study the 
sample size (n) was calculated (7) according to the 
acceptance of a type I error (8) of 10% and a clinically 
meaningful difference (A) of 20% (in the control group 
Baraka (6) had 4 children (20%) with laryngospasm). 
The sample size was estimated to 90 and finally n = 
100 was chosen. All the data are given as median 
values with interquartile values in parentheses. 


Results 


There were no differences between groups ccncern- 
ing sex, age, weight, and duration of surgery (Table 
1). Eleven children (22%) in each group developed 
laryngospasm, the severity of which is shown in Fig- 
ure 1. The median time from the end of the 1-min 
injection of lidocaine or saline to extubation for all the 
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Table 1. Sex, Age, Weight, and Duration of Surgery for 
the Children Investigated 


mameri eaaa ussite rarama A Mipsis mulls ner ans seems amama apana 


Placebo group 


H 50 50 
Female:male 21:29 18:32 

Age (yr) 5 (4-6) 5 (3-7) 
Weight (kg) 19.6 (16.8-23.0) 20.0 (17.0-27.3) 
Duration of 20.0 (15.0-22.5) 20.0 (15.0-25.0) 


surgery (min) 


Data are given as median values with interquartile values in parentheses. 


children was 4.5 min (3-6 min). For children given 
lidocaine and subsequently developing laryngo- 
spasm, the median interval was 4.5 min (4-5 min). 
For children given lidocaine and not developing lar- 
yngospasm, the median interval was 5 min (4-7.5 
min). In children given saline, the median interval 
was 4.5 (3.5-6.0 min) (laryngospasm) and 4.0 min 
(2-5.5 min) (no laryngospasm), respectively. There 
were no significant differences in time interval among 
the groups and subgroups. The severity of the ob- 
served laryngospasms was almost identical in the two 
groups (Fig. 1). 

All episodes of laryngospasm were successfully 
treated with positive pressure ventilation with oxygen 
and suctioning of the pharynx. None of the children 
had to be paralyzed or reintubated. No complications, 
including apnea, were seen during and after the in- 
jection of lidocaine. 


Discussion 

Laryngospasm is a frequent complication after extu- 
bation of children after tonsillectomy. We found the 
incidence to be 22%, which is in agreement with the 
findings of Baraka (6). In an open study he showed 
that lidocaine, 2 mg/kg, injected 1 min prior to ex- 
tubation totally prevented extubation laryngospasm 
in 20 children undergoing tonsillectomy. In the con- 
trol group, 4 out of 20 children developed severe lar- 
yngospasm after extubation, though this difference is 
not statistically significant at the 5% level, y = 2.5 
(P > 0.1) (7 test corrected for continuity) (8). 

No differences between groups in incidence and/or 
severity of laryngospasm were seen at the dosage and 
timing regimen pursued in our study. In Baraka’s 
study, the children were extubated 1 min after the 
injection of lidocaine—by the clock rather than any 
specific clinical signs of his or her level of conscious- 
ness. Baraka’s subjects must have been on the steep 
upslope of an emergence curve while this was hap- 
pening. Because intravenous lidocaine also has cen- 
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Figure 1. Severity of observed larvngospasms. For further expla- 
nation see text. 


Cyanosis 


tral effects (9,10), it may well have returned the “test” 
children to a deeper plane of anesthesia so that they 
were extubated relatively “deep” as opposed to the 
control children being extubated “light.” Therefore, 
it is possible that Baraka’s protection had more to do 
with differences in “central” depth of anesthesia than 
cifferences in peripheral reflex responsiveness of the 
upper airway. In our study all children were extu- 
bated not at a fixed time, but rather at a consistent 
clinical indicator of depth of anesthesia, i.e., start of 
swallowing. 

Although differences in time intervals were not sta- 
tistically significant, it is notable that the interquartile 
interval in those receiving lidocaine was 4-7.5 min 
while the control times to extubation (start of swal- 
lowing) were 2-6.0 min. These numbers are consist- 
ent with the concept that lidocaine has some anes- 
thetizing properties (9,10), and therefore, it takes longer 
for that group to reach the particular level of con- 
sciousness used as the end-point for timing of extu- 
bation in this study. 

Investigating 80 adult patients undergoing a vari- 
ety of elective surgery, Bidwai et al. (5) demonstrated 
that intravenous injection of lidocaine, 1 mg/kg, ad- 
ministered 2 min before endotracheal extubation pre- 
vented coughing and increases in blood pressure and 
heart rate during and after extubation. Abou-Madi et 
al., studying 30 male patients scheduled for elective 
surgery (3), found that lidocaine, 1.5 mg/kg, injected 
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2-3 min prior to intubation gave better protection 
against cardiac arrhythmias, hypertension, and tachy- 
cardia than lidocaine, 0.75 mg/kg. Lidocaine blood 
levels of 3-6 ug/ml are known to potentiate the effects 
of nitrous oxide anesthesia in humans (10). A 10-28% 
reduction in halothane MAC has been observed in 
dogs with blood lidocaine levels between 3 and 10 
ug/ml. Bedford et al. (11) demonstrated that lidocaine 
prevented an increase in intracranial pressure after 
endotracheal intubation. They observed a mean blood 
lidocaine level of 3.2 ug/ml 1.5 min after 1.5 mg/kg 
intravenously. Thus it appears that the effect of lido- 
caine in preventing coughing upon extubation or in 
diminishing the increase in blood pressure and heart 
rate after in- or extubation or preventing an increase 
in ICP after intubation is dependent on a sufficient 
concentration of lidocaine in the blood. Conse- 
quently, the protective effect of lidocaine reported by 
others may reflect at least partially additional central 
nervous system depression (i.e., deeper anesthesia) 
produced by the local anesthetic. Because lidocaine 
is rapidly eliminated from the blood (12), the timing 
of in- or extubation in relation to timing and doses of 
lidocaine seems crucial. From our findings it is con- 
cluded that lidocaine, 1.5 mg/kg, intravenously does 
not prevent laryngospasm upon extubation when ex- 
tubation is carried out at the beginning of swallowing 
activity. Rather, to derive advantage from the central 
nervous system depression produced by lidocaine, 
one must extubate before signs of swallowing activity. 
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A recognized side effect of chemonuctleolysis is life-threat- 
ening anaphylaxis to chymopapain. In the clinical trials of 
chymopapain, 13 cases of anaphylaxis were reported in 1585 
administrations (0.82%). Two patients died. Data from a 
postmarketing survey (48,239 questionnaires) were re- 
viewed to identify factors influencing the incidence and se- 
verity of anaphylaxis. The results indicate the incidence of 
anaphylaxis decreased to 0.44% in the 1983-1984 period 
(126/23,736), a level significantly (P = 0.001) below the 


incidence of 0.82% observed in initial clinical trials, Only 
three deaths from complications related to anaphylaxis oc- 
curred in approximately 75,000 administrations (producing 
252 anaphylactic episodes) reported since December 1982. 
The prophylactic use of antihistamines and pretreatment 
with intravenous fluids coincide with the dramatic reduction 
in mortality due to anaphylaxis. However, overdiagnosis of 
anaphylaxis in the clinical trials and avoidance of chemo- 
nucleolysis in patients with IgE antibodies to chymopapain 
may account, in part, for the reduction in incidence. 


Key Words: ALLERGY-—-chymopapain. SURGERY, 
NEUROLOGIC—chymopapain. 





Chemonucleolysis is the dissolution of the herniated 
nucleus pulposus by injection of the enzyme chy- 
mopapain. Chemonucleolysis was first employed over 
two decades ago in humans with herniated inter- 
vertebral disks (1,2). This technique fell into disfavor 
because the only well-controlled and double-blind 
clinical trial found no appreciable difference between 
chymopapain and placebo regarding the incidence of 
or improvement in herniated lumbar disks (3). Results 
from this study were biased by certain practices in 
patient selection, deficiencies in study design, and the 
fact that enzyme activators were present in the pla- 
cebo (4). However, in 1982, studies in the US using 
a different preparation of chymopapain (Chymodiac- 
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tin, Smith Laboratories, Northbrook, IL) demon- 
strated that chemonucleolysis was vastly more effec- 
tive than placebo in relieving symptoms in patients 
who were candidates for laminectomy (5). In these 
and additional investigations, over 1580 patients were 
studied. All patients were given general anesthesia. 
Thirteen had severe anaphylactic or anaphylactoid re- 
actions (6). 

Since FDA approval in November 1982, over 75,000 
patients in the United States have been given Chy- 
modiactin. To study the incidence of anaphylaxis, as 
well as the factors influencing the incidence and se- 
verity of anaphylaxis, we requested each surgeon per- 
forming chemonucleolysis to complete a postmarket- 
ing surveillance questionnaire. Responses to these 
questionnaires demonstrate a dramatic decrease in 
the rate of anaphylaxis since 1982 and an even more 
dramatic decrease in mortality due to anaphylaxis since 
1982. 


Methods 


For the approximately 75,000 doses of chymopapain 
marketed by May 31, 1984, 48,239 postmarketing sur- 
veillance questionnaires were voluntarily completed. 
This number included 2678 reports that were supple- 
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mented by an additional survey to collect data not 
completed on the initial questionnaire. Forms that 
were incomplete (e.g., those failing to specify type of 
anesthesia or sex of patient) were excluded froma anal- 
ysis if no anaphylactic event was reported. Data sought 
by these questionnaires included the age and sex of 
the patient; the use of premedicants; type of anes- 
thesia administered [local (with or without supple- 
ments), regional, or general]; anesthetic agerts ad- 
ministered; the occurrence and symptoms of an 
anaphylactic or anaphylactoid reaction; and, if a re- 
action did occur, patient outcome. 

The periods of study were as follows: Period | con- 
sists of the time before FDA approval of Chymodiactin 
(that is, the time prior to November 1982). Perioc 2 
consists of the time after FDA approval but prior to 
widespread use of immunologic screening tests to 
identify patients who might be excluded from 
undergoing chemonucleolysis (December 1982 to Sep- 
tember 27, 1983). Period 3 consists of the time after 
the widespread use of such tests (September 2%, 1983 
to June 25, 1984). 

No criteria other than the surgeon’s judgmeat (and 
his or her reliance on the anesthetist’s own criteria) 
were used to determine the presence of an anaphy- 
lactic reaction. Each form reporting anaphylaxis 
prompted inquiry to the surgeon about the nature and 
outcome of the reaction. Data were analyzed ‘or sta- 
tistical significance using two-sided binomial com- 
parisons or the Fisher exact test (7). 


Results 


The patients given Chymodiactin after FDA approval 
(periods 2 and 3) were similar in age and sex to these 
treated in the clinical trial (period 1), but they cifttered 
in several important aspects (Table 1). In periods 2 
and 3, 93 and 91%, respectively, of patients were given 
H, and H; histamine antagonists prophylactically be- 
fore administration of Chymodiactin. Only 17% of 
patients in period 1 were given either or both an H, 
and H; antagonist. 

Across the three study periods, the incidence of 
anaphylaxis decreased significantly. This decrease was 
apparent in both male and female patients, regardless 
of the type of anesthetic given (Table 1). Between the 
clinical trial period (period 1) and the two post-FDA- 
release periods (periods 2 and 3), the rate of deaths 
from anaphylaxis decreased significantly (Table 1). 


Discussion 


Chemically mediated anaphylactoid reactions during 
anesthesia have *been studied systematically in hu- 
mans (8-10). However, the unpredictability of ana- 


MOSS ET AL. 


phylactic reactions has limited the systematic study 
of anaphylaxis. The use of a common antigen, Chy- 
modiactin, in a surgical setting affords physicians the 
opportunity to identify factors influencing the inci- 
dence and severity of anaphylaxis. 

In the initial evaluation of chymopapain, laryngeal 
edema in two patients promoted the suggestion that 
chemonucleolysis be performed with the aid of gen- 
eral anesthesia. It is interesting to note that this pro- 
cedure had been performed successfully under local 
anesthesia in Canada (11). Response to postmarketing 
surveillance questionnaires seemed to demonstrate 
an advantage of local anesthesia with standby by vir- 
tue of a decreased occurrence of anaphylaxis (Table 
1). However this advantage, which occurred during 
period 2, disappeared as the overall rate of anaphy- 
laxis decreased in period 3. Several explanations are 
possible for the apparent decreased rate of anaphy- 
laxis in period 2 during local (as opposed to general) 
anesthesia, and for the subsequent clinical experience 
in which this advantage disappears. Perhaps the most 
likely cause of these changes is the overreporting of 
anaphylactic events. For example, patients under 
general anesthesia may receive more attentive mon- 
itoring. Small changes in blood pressure and heart 
rate may be noted more quickly and reported as a 
reaction in more attentively monitored patients. In 
addition, overly vigilant interpretation of cardiovas- 
cular signs occurring with general anesthesia (partic- 
ularly with commonly used inhalational agents) could 
be a source of error. During operations other than 
chemonucleolysis, these changes in systemic vascular 
resistance, blood pressure, and heart rate probably 
would be interpreted as normal variants of an anes- 
thetic technique. In addition, most surgeons perform 
their first set of chemonucleolytic procedures using 
general anesthesia. The initial suspicions and vigi- 
lance toward adverse reactions with chemonucleol- 
ysis may lead to overreporting in a surgeon’s or anes- 
thetist’s early experience with chemonucleolysis. 

Another explanation for the apparent initial lower 
rate of anaphylaxis during local anesthesia may reflect 
the effects of general anesthetics on the sympathoad- 
renal axis (12). The release of histamine that occurs 
during anaphylaxis markedly decreases systemic vas- 
cular resistance. This decrease elicits a compensatory 
sympathoadrenal response (13,14). Treatment of an- 
aphylaxis with epinephrine is an attempt to mimic the 
body’s response to anaphylaxis. Concomitant admin- 
istration of B-adrenergic antagonists may potentiate 
anaphylaxis (15). Thus relatively minor reactions may 
be perpetuated by the blockade of the sympathoad- 
renal axis that occurs with inhalational anesthetics. 
Halothane and other anesthetics appear able to block 
sympathoadrenal release and to attenuate the re- 
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Table I. Anaphylaxis to Chymopapain/Chymodiactin in Patients Undergoing Chemonucleolysis 


Period 2 Period 3 
(December 1982 to (September 28, 1983 to 
September 27, 1983) June 25, 1984) 








Period | 
(Clinical trials) 


Estimated number of patients 1585 30,000 45,000 
Mean age (yr) 39 4] 39 
Ratio of males to females (%) 1049/536 10,408/5769 17,377/11,359 
(66.2) (64.3) (60.5) 
Number of questionnaires returned 1585 16,177 28,736 
Number of anaphylactic events (%) 13 126 126 
(0.82) (0.78) (0.44) 
Anaphylactic eventsinumber of females given 11/536 65/4182" 67/8755" 


chymopapain and general anesthesia (‘%) (2.05) (15>) (Q.77) 
Anaphylactic events‘number of females given Local anesthesia 15/1587 14/2604 
chymopapain and local anesthesia (“% ) not used (0,95) (0.54) 
Anaphylactic events/number of males given 2/1049 39/74 10.6 37/13, 549% 

chymopapain and general anesthesia (%) (0.20) (0.53) (0.27) 
Anaphylactic events/number of males given Local anesthesia 712998" 8/3828 
chymopapain and local anesthesia (‘%) not used (0.23) (0.21) 
Percentage pretreated with H; and Hs Fi 93 9] 
histamine antagonists 





Number ot deaths 2 2 4 
Mortality rate due to anaphylaxis 0.00126 0.00006 0.00002 
Percentage of anaphylactic reactions resulting 15.4 1.6 0.8 


in death 
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“Significant (P = 0.001) difference between periods 2 and 3. 

“Significant (P = 0.05) difference between general and local anesthesia. 
‘Significant (F S 
AH other observed differences were not statistically significant. 


sponse to changes in systemic vascular resistance in 
a dose- -dependent fashion (16—18). 

The data in this study demonstrate that a decrease 
in the rate of anaphylaxis may not be an argument 
for using local anesthesia with supplement instead of 
general anesthesia. It is clear, however, that local 
anesthesia does not increase the risk of anaphylaxis 
or of mortality from anaphylaxis. Indeed, an argu- 
ment for using local anesthesia in chemonucleolysis 
exists. The vast majority of reported neurologic com- 
plications of chemonucleolysis occurred when the 
procedure was performed under general anesthesia 
(DJ McDermott, personal communication). These 
complications usually have been attributed to poor 
placement of the needle and the consequent intro- 
duction of radiocontrast material, enzyme, or both 
into the intrathecal space. Use of local anesthesia with 
sedation mandates that the practitioner place the needle 
into the disk with great facility lest patient dissatis- 
faction or discomfort require aborting the procedure. 

No explanation can be advanced with certainty for 
the initial decrease in the rate of anaphylaxis and the 
subsequent similarity in rates during local as opposed 
to general anesthesia. Study would be required to 
confirm the explanation that we favor, a misreporting 
of anaphylactic events. This initial overreporting could 
have contributed to the decreased rate of anaphylactic 
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(1.05) difference between period F and periods 2 and 3. 


reactions that has been reported over the time period 
examined. The reported rate of anaphylaxis decreased 
from 0.82% in period 1 to 0.78% in period 2 and to 
0.44% in period 3. Patients given Chymodiactin after 
FDA approval differed from those treated in the clin- 
ical trials regarding pretreatment with antihistamines. 
In periods 2 and 3, 93 and 91%, respectively, of the 
patients were given H, and H; receptor antagonists 
prophylactically before administration of Chymodiac- 
tin. This practice was based on observations of the 
efficacy of prophylactic administration of antihista- 
mines in attenuating anaphylactoid reactions (19). The 
92% usage rate after FDA release contrasts with the 
17% usage rate in the clinical trials. Is the decrease in 
anaphylaxis incidence attributable to the definition of 
anaphylaxis becoming more specific as experience us- 
ing chymopapain accumulated, or to actual effective- 
ness of pretreating patients with antihistamines or 
intravenous fluids? Although no definitive answers 
exist, some information shedding light on these ques- 
tions is available. 

The largest reduction in the incidence of anaphy- 
laxis occurred from September 1983 to June 1984; dur- 
ing this time pretreatment with antihistamines re- 
mained roughly constant (93-91%). However, it is 
important to note that although tw6é patients of the 
13 who had anaphylaxis in the clinical trials died, only 
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three deaths attributable to anaphylaxis were reported 
in the subsequent 75,000 administrations. (All deaths 
attributable to anaphylaxis occurred in patients given 
general anesthesia.) The decrease in mortality is not 
due to a decreased incidence of anaphylaxis, because 
mortality decreased during period 2 and anaphylaxis 
incidence decreased most dramatically in period 3. 
Thus while prophylactic administration of antihista- 
mines may not significantly reduce the overall rate of 
anaphylaxis, their use may be a significant factor in 
reducing mortality attributable to anaphylactic reac- 
tions. Alternatively, better physician awareness about 
recognizing and treating anaphylaxis may be a sig- 
nificant factor in the dramatic decrease in mortality. 
_In fact, the manufacturer of Chymodiactin placed ma- 
jor emphasis on physician education. 

The factor that did change from period 2 to period 
3 (the time when the incidence of anaphylaxis de- 
creased most) was patient selection. Perhaps some 
reduction in the frequency of allergic reactions reflects 
patient selection. Patients found to have elevated lev- 
els of circulating antibodies to chymopapain often were 
excluded from chemonucleolysis. However, immu- 
nologic tests were not in widespread use until Sep- 
tember 1983 and thus could not have influenced the 
rate of anaphylaxis until after that date (11,/9-21). 
Subsequent use of such tests may have inflwenced 
overall reaction rates. The choice of local or general 
anesthesia probably would not be influenced by the 
antibody test. In fact, the reduction in anaphylaxis 
rates occurs with local or general anesthesia to the 
same extent (P = 0.001) during time period 3. 

Another difference between the data from the clin- 
ical trials and the data from postmarketing surveil- 
lance questionnaires is that the former pertained to a 
limited geographic region (98% of the clinical trials 
occurred in the state of Illinois), whereas the post- 
marketing data were derived from 1500 instiiuticns 
throughout the US (22). Perhaps the overall rate of 
anaphylaxis to chymopapain varies significantly ac- 
cording to geography. 

Thus this survey documented a decrease in the 
incidence and severity of anaphylaxis after use of chy- 
mopapain. These decreases are independent of the 
type of anesthesia employed. In addition, no rela- 
tionship between the incidence of anaphylaxis and 
the prophylactic use of antihistamines is evident. 
However, the prophylactic use of antihistamines may 
account, in part, for the decreased mortality second- 
ary to anaphylaxis. Other possible causes for the de- 
creased mortality rate included vigorous preoperative 
fluid administration, patient selection (e.g., exclusion 
of high-risk patients by immunologic tests), and phy- 
sician education. "The most likely explanations for the 
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decreasing incidence of anaphylaxis during the study 
periods include overreporting of anaphylaxis in ear- 
lier periods, the increased use of prophylactic mea- 
sures, and more careful selection of patients for che- 
monucleolysis (due to the introduction of immunologic 
tests identifying patients at risk). 

This survey accentuates the frustration of retro- 
spective studies; they only can indicate areas to study 
and possible causes and rarely lead to clear answers. 
Although this retrospective study of chemonucleol- 
ysis identifies a decrease in the incidence and mor- 
tality due to anaphylactic reactions to chymopapain, 
its implications may have more widespread applica- 
bility and significance for management of reactions to 
radiocontrast media. In 1986, approximately 18 mil- 
lion procedures in the US will use contrast media; the 
mortality for these procedures may approximate 1000 
patients (23), Although the actual mechanism of chy- 
mopapain hypersensitivity is mediated immunologi- 
cally, and reactions to contrast material appear to in- 
volve several mechanisms, prospective studies might 
examine the usefulness of a similar approach involv- 
ing fluid loading and prophylactic administration of 
antihistamines in patients having injections of con- 
trast material (24,25). 
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Verapamil Does Not Alter Succinylcholine-Induced Increases in 
serum Potassium during Halothane Anesthesia in Normal Dogs 


Jeffrey L. Roth, MD, Michael Nugent, MD, and Gerald A. Gronert, MD 


ROTH JL, NUGENT M, GRONERT GA. Verapamil does 
not alter succinylcholine-induced increases in serum 
potassium during halothane anesthesia in normal cogs. 
Anesth Analg 1985;64:1202—4. 


Six dogs were studied to determine whether verapamil pre- 
treatment exacerbates the increase in serum potassium levels 
associated with succinylcholine. Dogs were anesthetized with 
halothane, 1.26 + O% (mean + SEM; end tidal). Arterial 
blood—gas tensions, blood pressure, heart rate, temperature, 
and serum potassium levels were measured. Each dog under- 
went control and experimental studies separated by seven 
days. In the experimental study, a 0.15 mg/kg volus of 
verapamil was followed by a 4.0 ug-ke ‘min | continues 
infusion of verapamil. Normal saline was used in the control 
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Recently, McCammon and Stoelting (1) demonstrate 
that propranolol-induced B-blockade exaggerates the 
increase in serum potassium after succinylcholine 
administration in the dog. Verapamil (2) or B-blockers 
(3,4) exacerbate the increases in serum potassium after 
acute potassium loading. Saltzman et al. (5) have 
demonstrated that verapamil, when combined w:th 
dantrolene, results in hyperkalemia and carciovas- 
cular collapse in normal swine in the absence of ex- 
ogenous potassium administration. These drugs may 
therefore unexpectedly alter potassium levels in sit- 
uations that previously have been considered benign. 
The purpose of this study was to determine whether 
verapamil pretreatment, similar to B-blocker pretreat- 
ment, increases the elevation of serum potassium in- 
duced by the administration of succinylcholine. 


Methods 


Six mongrel dogs weighing 13.7 + 0.5 kg (mean + 
SEM) underwent control and experimental studies 
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study. Succinylcholine, 1 me/kg bolus, was given 10 min 
after the initial saline or verapamil bolus. Vital signs again 
were measured 1,3, 5, 10, and 15 min after succinylcholine, 
and plasma verapamil levels were measured 8 and 15 min 
after verapamil administration. Serum potassium concen- 
trations increased from 3.9 + 0.2 to 5.0 + 0.2 mEa@/L in 
control studies and from 3.7 + 0.2 to 4.8 + 0.3 mEg/L 
im animals pretreated with verapamil. Verapamil pretreat- 
ment does not alter the increase in serum potassium induced 
by succinylcholine in normal dogs. 


Key Words: HEART—antiarrhythmia agents, vera- 
pamil. NEUROMUSCULAR RELAXANTS—succi- 
nvicholine. IONS-—-potassium. 
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separated by seven days. In three dogs the control 
study preceded the experimental study; the order was 
reversed in the remaining three animals. 

Anesthesia was induced with halothane in a canine 
induction box. After tracheal intubation, Paco, was 
maintained at 35 + 0.5 mm Hg prior to succinylcho- 
line administration using a Harvard animal ventilator, 
and thereafter settings of the ventilator were un- 
changed. A mixture of Nz and QO, maintained Pao, 
between 120 and 200 mm Hg. Venous and femoral 
arterial catheters were placed percutaneously. End- 
tidal halothane was 1.26 + 0% (mean + SEM; Beck- 
man LB-2 analyzer, Fullerton, CA). Esophageal tem- 
perature was maintained at 37.5 + 0°C with infrared 
lamps. Blood—gas tensions, temperature, arterial blood 
pressure, heart rate, and serum potassium (Flame 
Photometer) were measured when end-tidal halo- 
thane concentrations were stable at 1.25%. In exper- 
imental studies, dogs were given a bolus of verapamil, 
0.15 mg/kg intravenously, diluted to 10 ml with nor- 
mal saline and then a verapamil infusion at a rate of 
4 we-kg ‘min’! (2). Control dogs received saline only. 
Eight minutes after the verapamil or saline, laboratory 
values and vital signs were repeated. Two minutes 
later, succinylcholine, 1 mg/kg intravenous bolus, was 
administered. Hemodynamic and laboratory deter- 
minations were then repeated 1, 3, 5, 10, and 15 min 
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after succinylcholine administration. Plasma levels of 
verapamil were measured 8 and 15 min after vera- 
pamil administration and were analyzed by the method 
of Harapat and Kates (6), as modified by Nugent et 
al. (2). Statistical analysis utilized paired and unpaired 
Student's t-tests for comparisons within and between 
groups, respectively, with P < 0.05 considered 
significant. 


Results 

Control and verapamil-pretreated dogs had similar 
increases in serum potassium levels after receiving 
intravenous succinylcholine, with the largest increase 
3 min after succinylcholine administration (Table 1). 
In the controls, serum potassium increased from 3.9 
+ 0.2 to 5.0 + 0.2 mEq/L; a similar increase in serum 
potassium was seen in verapamil-pretreated dogs (3.7 
+ 0.2 mEq/L to 4.8 + 0.3 mEq/L). 

Paco, increased 4 mm Hg in both groups and re- 
mained elevated throughout the 15-min experimental 
period after succinylcholine administration. Plasma 
verapamil levels 8 and 15 min after administration of 
the verapamil bolus were 90.4 + 12.1 ng/ml and 62.2 
+ 13.9 ng/ml, respectively. Temperature, heart rate, 
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and arterial PO, remained stable (Table 1). 


Discussion 


Verapamil does not exaggerate the increase in serum 
potassium that accompanies the bolus injection of 
succinylcholine. We hypothesized that verapamil might 
increase elevations in serum potassium after succi- 
nylcholine administration because verapamil exacer- 
dates the increases in serum potassium after intra- 
venous potassium infusion in dogs (2) and because 
propranolol exaggerates increases in serum potas- 
sium after administration of succinylcholine (1). These 
drugs have complex effects on potassium metabolism 
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or fluxes, and the effects are not generally predictable. 
Thus it was important to address the questions con- 
cerning effects of verapamil on succinylcholine- 
induced increases in serum potassium levels. 

The increase in serum potassium caused by suc- 
cinylcholine in control animals (1.1 mEq/L) was ap- 
proximately twice that reported by McCammon and 
Stoelting (1). Anesthesia for the dogs in their study 
was induced with thiopental (15-20 mg/kg); halo- 
thane and nitrous oxide then were given. In contrast, 
in our animals anesthesia was induced with halothane 
in a canine induction box. List (7) has shown in hu- 
mans that thiopental attenuates the increase in serum 
K after succinylcholine administration to less than 
half the increase seen in patients anesthetized with 
halothane and oxygen or halothane, oxygen, and ni- 
trous oxide. The use of thiopental in McCammon and 
Stoelting’s protocol may account for the smaller ele- 
vations in serum potassium seen after succinylcholine 
administration. 

The maximum increase in serum after succinylcho- 
line in B-blocked dogs occurred 60-90 min after suc- 
cinylcholine administration (1). In our study, we mea- 
sured potassium levels for only 15 min because previous 
reports studying elevations in serum potassium after 
succinylcholine administration had reported peak val- 
ues before 15 min (8-11). In addition, serum potas- 
sium values in -blocked animals were significantly 
elevated compared to control dogs 10 and 15 min after 
succinylcholine administration, even though the peak 
serum potassium levels occurred later (1). Our pro- 
tocol would have documented any early elevations in 
serum potassium, and itis unlikely that later increases 
occurred, 

The finding that verapamil does not affect succi- 
nylcholine-induced increases in serum potassium but 
does exaggerate elevations in serum potassium after 
intravenous infusion in dogs (2) might be explained 


Table 1. Serum K` Levels, Arterial Blood—Gas Tensions, and Mean Arterial Pressures in Dogs (mean + SEM) 
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Paco, 


Serum K’ 








Buffer base Mean arterial 





(mEq/L) (mm Hg) (mEq/L) pressure (mm Hg) 
S S+V S 5+ V 5 oo N > S+V 

Control 29 2 2 3.9 + 0.2 36 + 0 36 + 0 43 Ł 1 43 t I 93 + 9 864 7 
After verapamil Ir Ee 35 +1 43+ 2 43 4 1 72% 9 
After succinylcholine 

1 min ae 9 Pe 4.4 + 0.2" 40 + 2 ra] 42 + ] 43 +] 116 + 12? 85 2 12 

3 min I0 2 0 48 + 0.3% 4) + l“ 39 E T 4221 43 + ł 107 &. 10" 88 + 13 

> min 4.9 + 0.24 4.8 + 0.3" 41 > 1° H Ss 42 2 41+ 1“ 97 + 9 81 + 12 

10 min 4.8 + 0.2" 4.8 + 0.3" 4] + 2° se, Le 42 + 2" 40 + 1 91 + 8 TP P 

15 min 4.6 + 0.2 t.7 > 0.3 40 + 2" 39°: I 42 + 1° 4] x 1" 88 + 7 712 14 

Abbreviations: $, control dogs (succinylcholine only); S + V, dogs given succinylcholine after verapamil pretreatment. 

“Significantly different from control (paired f, P < 0.05). 

"Significantly different (S vs S + V} ° 
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to a sudden small efflux of potassium released after 
a bolus of succinylcholine. The increase in serum po- 
tassium after 10 min of KCl infusion was 2.3 + 0.2 
mEq/L compared to an increase of 1.1 mEq/L. after 
succinylcholine administration during the present 
study. 

A major protective mechanism during hyperkale- 
mia consists of the movement of extracellular potas- 
sium into the large intracellular pool (12). Larger 
quantities of potassium may be needed before the 
effects of verapamil on potassium uptake, distribu- 
tion, and storage are reflected in serum potassium 
levels. Further studies examining potassium distri- 
bution to various tissues with and without verapamil 
pretreatment may better explain the difference in these 
studies. It may be that in circumstances where suc- 
cinylcholine results in larger serum potassium ele- 
vations (e.g., denervated muscle, burns, infection) 
(9-11), the increase in serum potassium may be greater 
after verapamil pretreatment. However, succinylcho- 
line would always be contraindicated in this group of 
patients. 

In dogs anesthetized with thiopental, verapamil 
levels similar to those reported in our study prolong 
the atrial His bundle conduction time and abolish ven- 
triculoatrial conduction without causing a significant 
change in sinus rate, cardiac output, left ventricular 
dp/dt, or systemic vascular resistance (13). A dose of 
verapamil similar to ours resulted in decreases of mean 
arterial pressure and left ventricular dp/dt (14) in halo- 
thane-anesthetized dogs (0.93% halothane plus 0.2 
mg/kg verapamil). Therefore, higher doses oi vera- 
pamil were not used in this study. Eight minutes after 
verapamil, three of our study animals had mean ar- 
terial pressures of 70, 66, and 48 mm Hg, and they 
very likely would have tolerated higher doses of ve- 
rapamil poorly. 

After the succinylcholine bolus in both the vera- 
pamil-pretreated and control dogs, small increases in 
Paco», similar to that described by Hagan et al. (15), 
were observed for the experimental period. This in- 
crease in Paco, is probably secondary to the increased 
metabolism seen with muscle fasciculations and has 
little clinical significance. 
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The authors conclude that verapamil has no effect 
on the increase in serum potassium induced by suc- 
cinylcholine administration in normal dogs and is un- 
likely to have adverse effects on serum potassium in 
a similar clinical situation. 
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Clinical Reports 


Potential Hazards of Transcatheter Serial Epidural 


Phenol Neurolysis 


Dennis W. Coombs, MD 


Epidural neurolysis has been suggested for control of 
terminal pain due to malignancy (1), including recent 
use of serial daily phenol injections via a percuta- 
neously placed epidural catheter (2). Racz et al. em- 
phasized the use of a Racz (Arrow International Inc., 
Reading, PA) epidural catheter with an implanted 
coiled wire that was fluoroscopically advanced epi- 
durally. This same catheter was then gradually with- 
drawn allowing small serial daily phenol injections 
along the neuraxis. The present case report describes 
a structural disruption that occurred in the epidural 
portion of a Racz catheter after implantation for phenol 
neurolysis. Fortunately, adequate analgesia followed 
the initial phenol injection, even though serial injec- 
tions were planned. Catheter disruption was discov- 
ered fortuitously after removal of the catheter before 
any further injections were performed. Based upon 
our experience and previous difficulties with Racz 
catheters (3), a modification in the technique of serial 
phenol injections or return to separate percutaneous 
epidural phenol injections is suggested. 


Case Report 


A 50-yr-old man was referred in August 1984 for treat- 
ment of bilateral chest pain secondary to a rapidly 
progressive, poorly differentiated carcinoma of the 
lung. For two months he had been treated with es- 
calating narcotic medications, with poor control of his 
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chest wall pain. In September 1984, because 840 mg 
of intramuscular morphine equivalents per day (total 
systemic narcotic intake expressed in equivalent 
amount of morphine after Houde (4)) still left him 
largely bedridden and frequently confused or dis- 
oriented, intrathecal morphine was initiated using an 
implanted infusion pump (5). After initial success, he 
developed tolerance to intrathecal morphine and was 
readmitted to the hospital for pain control. The pri- 
mary complaint was bilateral chest pain, probably be- 
cause of partial T5 collapse, but the major component 
involved the right chest wall in a T4-8 distribution. 
He was now preterminal and bedridden with extreme 
inanition; the right lung was largely collapsed due to 
tumor. He was alternately either somnolent or crying 
out in pain on a regimen of up to 70 mg intravenously 
of morphine/day. Thus serial thoracic epidural phenol 
neurolysis was elected (2). It was hoped that this would 
control his pain and allow a short narcotic-free holiday 
during which improved cognitive interaction with his 
family could occur. 

In October 1984, neurolysis was performed. The 
patient was placed in the right lateral decubitus po- 
sition under light thiopental and nitrous oxide 
sedation and 17-gauge Tuohy needle was used to 
identify the thoracic epidural space at T8-9 by the ' 
loss-of-resistance technique. A 20-gauge Racz epi- 
dural catheter was then passed and fluoroscopically 
guided 10-11 cm rostrally to T5—6 where an obstruc- 
tion was encountered. As shown in Figure 1, a tho- 
racic epidurogram was performed with 8 ml of me- 
trizamide (Amipaque, Winthrop Breon Laboratories, 
NY, NY; 200 mg/ml) to verify epidural catheter po- 
sition. Peculiarly, an initial circular area of contrast 
pooling occurred at T8 opposite the catheter entrance 
along with epidural outlining of the spinal canal. Three 
and one-half ml of 10% phenol suspended in a 50% 
glycerin and saline solution was then injected using 
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in anticipation of a second injection after 24 hr. Forty- 
eight hours later, the patient was still almos: pain- 
free; so the catheter was removed. Inspection re- 
vealed nearly complete circumferential disrup ion of 
the catheter 8 cm from its tip. Injection of salime was 
performed, revealing fluid egress at the site of dis- 
ruption coincident with the site of early metrizamide 
pooling. The patient was discharged home on 40 mg 
oral morphine equivalents per day without aparent 
sequelae. : 
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Figure 1. Metrizamide epidurogram via 
T8-9 epidural catheter. Arrow A indicates 
epidural catheter tip; the partial T5 col- 
lapse is poorly visualized. Arrow B, initial 
contrast density appeared 1-2 cm rostral 
to catheter epidural entrance and corre- 
lated well with the point of disruption 8 
cm from the tip. 


Discussion 


That pain control occurred in this case without un- 
toward sequelae is fortunate. The neurolytic tech- 
nique of Racz et al. is based upon daily serial injec- 
tions of phenol with progressive withdrawal of the 
catheter producing distribution of phenol to progres- 
sively more caudal dorsal roots (2). In theory, this 
avoids large-volume injections that might be disa: 
trous if inadvertent intrathecal injection occurred. The 
technique also minimizes the number of needle re- 
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placements, reducing manipulation of sick fragile pa- 
tients. Disruption of this epidural catheter might, if 
followed by incremental withdrawal and repeat in- 
jections, have had several adverse consequences. Most 
obvious is complete breakage of the catheter, leaving 
an epidural foreign body. This is perhaps of ques- 
tionable importance given the duration of expected 
survival; however, such foreign bodies are a nidus 
for infection. Associated pressure or irritation from a 
catheter fragment impinging upon a nerve root might 
vield difficult-to-treat pain. Of more practical signif- 
icance, proximal disruption of the catheter might lead 
to injection at a more caudal level than expected. This 
could have variable consequences, ranging from ab- 
sence of pain relief to injury of nerve roots outside 
the distribution of pain. Similarly, injection into soft 
tissue outside the spinal canal could result in exten- 
sive tissue necrosis, cutaneous fistula, or sterile ab- 
scess formation. Less likely but still imaginable is the 
risk that disruption of the catheter might result in the 
distal fragment puncturing the dura to produce a cere- 
brospinal fluid leak or an avenue for direct but un- 
expected intrathecal neurolytic instillation. 

Disruption of the Racz epidural catheter is not an 
isolated occurrence in our experience. This is the fourth 
defect encountered at this institution though only the 
first associated with epidural neurolysis. The other 
Racz catheter defects included the following: 1) two 
catheters in use for obstetrical analgesia that cracked 
and leaked at the junction of plastic connector hub 
and catheter; 2) a chronic epidural catheter that began 
to leak on the third day of bupivicaine infusion for 
cancer pain analgesia—a catheter defect was found a 
few mm deep to the skin entrance site with an as- 
sociated superficial subcutaneous infection; and 3) an 
obstetrical analgesic catheter in use for 10 hr that de- 
veloped leaks at the skin entrance site and midway 
between hub and skin. Lingenfelter described a dif- 
ferent type of problem with this catheter design (3). 
He encountered difficulty removing four epidural 
catheters; one Racz catheter unravelled on with- 
drawal, though without apparent disruption of the 
catheter wall. 

Potential etiologies for catheter failure include trauma 
from the Tuohy needle, twisting or kinking, high 
pressure injection with or without a defect in the cath- 
eter wall, defective manufacturing or inherently brit- 
tle catheter materials. In the present case catheter in- 
troduction was unremarkable except for obstruction 
to advancement encountered at T5—6. As seen in Fig- 
ure 1, the catheter looped on advancement. Notably, 
the Tuohy needle was pulled back to avoid catheter 
shearing. ‘Subsequent metrizamide injection obscured 
visualization of the loop as the catheter was retracted, 
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thus an unrecognized kink might have occurred. The 
pressure required to inject phenol or metrizamide was 
not unusually high, making pressure induced cath- 
eter blowout less likely. The author tested several 
Racz catheters for stability when exposed to phenol. 
Five days of exposure to a 10% phenol and saline 
solution had no perceptible eftect on the catheter wall. 
Recent discussions with a representative of the man- 
ufacturer indicates disruption has been reported to 
the manufacturer from other institutions as well, 
though most commonly when 18-gauge Tuohy needles 
are used for introduction (personal communication, 
PL Frankhouser, Marketing Manager, Arrow Inter- 
national Inc., Reading, PA). 

Catheter breakage with complete separation of the 
two ends might be detected on a spine x-ray or fluo- 
roscopy without contrast injection, however, incom- 
plete breakage without a discontinuity could easily 
be missed without radiographic contrast injections. 
Short of repeating metrizamide epidurography with 
its attendant risks, i.e., major motor seizures, aseptic 
meningitis, CNS irritation, and the requirement for 
special rooms and equipment, little can be done to 
absolutely assure catheter integrity and position. Per- 
haps a test injection of local anesthetic solution re- 
vealing a segmental epidural block is required before 
repeating phenol injection when using this serial in- 
jection technique. Otherwise daily repeat epidural 
needle placements would be preferable even though 
associated with obvious inconvenience and even suf- 
fering in these patients. In conclusion, caution should 
be exercised when repeated neurolytic injections are 
planned using indwelling epidural ee designed 
for serial epidural injections. 


The author gratefully acknowledges Lawrence Jenson, RN, and Carol 
Murphy, RN for their help with these patients; George Kinsman, 
OT, for excellent operative support; and Kristin Lanphear and Sue 
Schott for manuscript preparation and editing. 
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Bedside Diagnosis of Bilateral Diaphragmatic Paralysis in a 


Ventilator-Dependent Patient after Open-Heart Surgery 


Karen A. Brown, MD, V. Hoffstein, MD, FRCP(C), and Robert J. Byrick, MD, FRCP(C) 


Respiratory failure is an infrequent complication after 

open-heart surgery, particularly in the absence of sig- 
nificant preoperative lung pathology. This repert de- 
scribes a patient who remained ventilator-dependent 
for nine weeks after aortic valve replacement and 
coronary artery bypass surgery with bilateral dia- 
phragmatic paralysis. 


Case Report 


A 62-yr-old man (93.5 kg; 190 cm) was admitted to 
the hospital with a 6-month history of decreasing ex- 
ercise tolerance. He had smoked only two cigarettes 
per day for many years and had no clinical evidence 
of chronic bronchitis or emphysema. Preoperative 
cardiac catheterization demonstrated an aortic valve 
gradient of 93 mm Hg, 3+ aortic regurgitation, and 
a left ventricular pressure of 250/19 mm Hg. The car- 
diac index was 2.97 Lemin 'sm*. He underwent elec- 
tive aortic valve replacement and insertion of a single 
left anterior descending coronary artery bypass graft. 

His intraoperative course was uncomplicated. Aor- 
tic cross-clamp time was 111 min. Myocardia! pres- 
ervation was maintained with crystalloid cardiople- 
gia, external cold slush, and the Boncheck~Shiley 
Cardiac jacket (BC] 401). This jacket was bathed in a 
50:50 mixture of 75% alcohol and water as sugzested 
in the manufacturer’s instructions to cool the bath 
temperature below 4°C. The lowest recorded myo- 
' cardial septal temperature was 10°C. 

On the first postoperative day, attempted weaning 
from ventilatory support using intermittent manda- 
tory ventilation (IMV) ended prematurely witn self- 
extubation. Within several hours tachypnea and 
respiratory distress necessitated reintubation and 
ventilation. Over the subsequent nine weeks his max- 
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imum inspiratory pressure ranged from —13 to —15 
cm HỌ, and forced vital capacity varied from 300 ml 
to 500 ml in the semi-upright position and from 150 
to 300 ml in the supine position. 

On day 4 he was noted to have paradoxical ab- 
dominal movement on inspiration. That is, when re- 
moved from assist-control ventilation and asked to 
breathe in the supine positicn, the ventral abdominal 
wall moved inward on inspiration. 

Fluoroscopy of both diaphragms in the supine po- 
sition during spontaneous ventilation, while intu- 
bated, showed an immobile left hemidiaphragm. The 
right hemidiaphragm moved cephalad on expiration 
and caudad on inspiration. 

Transdiaphragmatic pressure tracings were re- 
corded during spontaneous breathing in the semi- 
recumbent position. Esophageal pressure was mea- 
sured with a 10-cm latex balloon positioned in the 
esophagus 36 cm from nares and 10 cm proximal to 
the esophago-gastric junction. Gastric pressure was 
measured using a similar balloon catheter assembly 
in the stomach positioned 60 cm from the nares. The 
placement of both balloons was confirmed radi- 
ographically. Simultaneous tracings were made with 
a Validyne transducer (Model MP 45-4). 

Figure 1 shows a tracing of esophageal (Pes) and 
gastric (Pg) pressures. Note that baseline pressures 
are different because the Pes at functional residual 

capacity is determined by lung recoil, whereas Pg is 
determined by the total weight of the abdominal con- 
tents. Normally during spontaneous ventilation Pes 
and Pg fluctuate in opposite directions (i.e., on in- 
spiration Pes becomes more negative while the gastric 
pressure becomes more positive) (1). The baseline val- 
ues of esophageal pressures as well as the magnitude 
of pressure changes during breathing will depend, 
among other things, on the position of the patient. 
However, the direction of pressure changes (i.e., in- 
spiratory increase in gastric pressure and decrease in 
esophageal pressure) is preserved independently of 
posture. In fact, because in the supine position the 
main contribution to tidal volume comes from the 
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Figure 1. Recordings of esophageal pressure (Pes) and gastric pres- 
sure (Pe). Arrows indicate in-phase simultaneous breaths. See text 
tor further explanation. 


diaphragm rather than from the intercostal muscles, 
we would expect a strongly positive gastric pressure 
deflection on inspiration. Figure 1 demonstrates that 
in this patient, during inspiration (denoted by arrows) 
booth Pes and Pg showed an in-phase negative de- 
flection, consistent with the diagnosis of bilateral dia- 
phragmatic paralysis. 

A tracheostomy was performed on day 24. By week 
8 his maximum inspiratory pressure was — 25 cm HO 
and his upright forced vital capacity was 900 ml. He 
was successtully weaned from ventilator support over 
the subsequent week, and discharged trom ICU. 

A transdiaphragmatic pressure study was per- 
formed 8 months postoperatively with the patient in 
a similar semi-recumbent position. The result is shown 
in Figure 2. The inspiratory fluctuations are out of 
phase, consistent with the recovery of diaphragmatic 
function. 


Discussion 


The diagnosis of bilateral diaphragmatic paralysis can 
be difficult and requires a high degree of clinical sus- 
picion, especially in a ventilator-dependent patient. 

The most important clinical signs are paradoxical 
abdominal wall motion and postural orthopnea. Four 
laboratory tests have been used to make the diagnosis: 
1) fluoroscopy, 2) spirometry, 3) phrenic nerve con- 
duction studies, and 4) transdiaphragmatic pressure 
studies. 

There are many reports in the literature stressing 
the fact that fluoroscopy may be misleading in bilat- 
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Figure 2. Recordings of simultanecus esophageal pressure (Pes) 
and gastric pressure (Pg). See text for further explanation. 


eral diaphragmatic paralysis (2-4). Loh et al. (5) of- 
fered a mechanical explanation for the imprecision of 
fluoroscopy as a diagnostic tool, because expiration 
can be active, forcing the flaccid diaphragm cephalad 
so that it appears to descend on inspiration. 

Complex spirometry is often impossible in a ven- 
tilated patient, but a simple vital capacity (VC) can be 
measured easily. A consistent decrease in VC when 
moving from the sitting to supine posture supports 
the diagnosis of bilateral diaphragmatic paralysis. 

Markand et al. (6) utilized phrenic nerve conduc- 
tion studies in patients undergoing open-heart sur- 
gery and found an 11% incidence of phrenic nerve 
damage and a 1.5% incidence of phrenic nerve pa- 
ralysis. We attempted to measure phrenic nerve con- 
duction in our patient, however, mechanical difficul- 
ties with equipment made interpretation of results 
inconclusive. 

A transdiaphragmatic pressure study in ventilator- 
dependent patients is particularly valuable, as it is | 
easily measured at the bedside. Placement of the 
esophageal and gastric catheters is no more stressful 
to a patient than passing a nasogastric tube. The ab- 
solute transdiaphragmatic pressure, which may be 
influenced by lung volume, patient position, and 
catheter placement (7), is not required. Rather it is 
the qualitative in-phase deflections of the esophageal 
and gastric pressures with voluntary respiration (Figs. 
1,2) that suggest the diagnosis. This is not to say that 
an in-phase esophageal gastric pressure trace is 
pathognomonic of bilateral diaphragmatic paralysis. 
Macklem (8) has shown that healthy untrained vol- 
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unteers may also exhibit this pattern. But in the ap- 
propriate clinical situation an abnormal tracing may 
point to the cause of refractory respiratory failure. 

Myocardial preservation techniques have been im- 
plicated as a cause of bilateral diaphragmatic paralysis 
after cardiac surgery (2,3). Scannel (9) coined the term 
“frost-bitten phrenic” in 1963. In 1976 Marco et al. 
(10) used a dog model and applied ice chips to the 
intrapericardial segment of the left phrenic nerve for 
30-60 min, thus abolishing phrenic nerve activity to 
electrical stimulation for 25-52 days. 

We speculate, on the basis of the transdiaphrag- 
matic pressure studies and the spirometric changes 
with posture, that our patient had bilateral diaphrag- 
matic paralysis from intraoperative cold injury to the 
phrenic nerves. We suspect that cold injury resulted 
from a combination of a long aortic cross-clamp time, 
traction on the pericardial portion of the nerve, topical 
cold slush, and the alcohol:water cooling bath tor the 
Bonchek—Shiley Cardiac jacket. Although myocardial 
preservation is essential, excessive cooling of the heart 
may impose a risk of cold injury to the intrapericardial 
segment of the phrenic nerves. Until further studies 
become available, we will cool the Boncheck—Shiley 
jacket in saline alone and not an alcohol-—saline bath. 

Lastly, we echo Chandler's comment that “the frost 
bitten phrenic” will recover (3). Recovery of diaphrag- 
matic function can be monitored at the bedside using 
transdiaphragmatic pressure studies. 
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The Effect of Intravenous Lidocaine on the Increase in Intraocular 


Pressure Induced by Tracheal Intubation 


Benjamin Drenger, MD, Jacob Pe'er, MD, David BenEzra, MD, PhD, Ruth Katzenelson, MD, 


and Joseph T. Davidson, MD, FFARCS 


An increase in intraocular pressure (IOP) is observed 
during and after laryngoscopy and tracheal intubation 
(1,2). Brief elevation of IOP is of little consequence in 
normal or even glaucomatous eyes, as long as the 
eyeball is intact (1). However, in a patient with an 
ocular laceration, perforation, or recent surgical ocular 
intervention, even a transient increase in [OP may be 
hazardous (1,3). Although a small dose of a nonde- 
polarizing agent such as gallamine or d-tubocurarine 
given before succinylcholine attenuates the elevation 
of IOP caused by succinylcholine (4), there is an ad- 
ditional and more significant increase caused by tra- 
cheal intubation itself (1,2). 

During induction of anesthesia, intravenous lido- 
caine reduces the autonomic responses to laryngos- 
copy and intubation (5,6), and acts as an effective 
cough suppressant (7). We evaluated the influence of 
intravenous lidocaine on the changes in [OP after tra- 
cheal intubation. 


Materials and Methods 


Forty healthy children (ASA class I), 19 boys and 21 
girls, undergoing general anesthesia for strabismus, 
ptosis, or lacrimal system surgery were studied. They 
ranged in age from 1 to 10 yr and weighed between 
10 and 30 kg. Children weighing up to 15 kg were 
premedicated with a suppository containing a mixture 
of 250 mg thiopental, 3.5 mg of Pantopon, and 0.17 
mg of scopolamine. Those weighing more than 15 kg 
received twice this dose. 

Anesthesia was induced by inhalation of nitrous 
oxide—oxygen (2:1), with the gradual addition of halo- 
thane, up to 2%. After central fixation of the pupils, 
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an intravenous catheter was inserted. Five minutes 
after induction of anesthesia, baseline measurements 
of IOP were recorded and each child received, in a 
double-blind randomized manner, an intravenous in- 
jection of 0.13 ml/kg of a coded solution prepared by 
a qualified pharmacist, containing either 1.5% lido- 
caine HCI without preservative, 2 mg/kg, or normal 
saline. IOP was recorded 1 and 2 min later. The tra- 
chea was intubated using a noncuffed tube as soon 
as the jaw muscles were well relaxed. This was ap- 
proximately 7 min after commencement of induction 
and 2 min after the intravenous injection of the drug. 
Muscle relaxants were not used, and in all cases the 
intubation was smooth and uneventful. The IOP was 
measured immediately after intubation and again 1, 
2, 3, and 4 min later. The [OP was measured in both 
eyes with a Schiotz tonometer. The mean values ob- 
tained from the IOP measurements of all the children 
in the group were statistically evaluated using the 
Student’s t-test. P < 0.05 was taken as indicating 
significance. 


Results 


Twenty-one children received intravenous injections 
of saline, and 19 children received lidocaine. The mean 
age and weight of those in the saline and lidocaine 
groups were 5.6 + 0.7 (SEM) and 5.2 + 0.7 (SEM) yr ` 
and 20.3 + 1.7 (SEM) and 19.3 + 1.8 (SEM) kg, re- 
spectively. The IOP of both eyes in the control and 
in the lidocaine groups during induction of anesthesia 
and immediately after the tracheal intubation is pre- 
sented in Figure 1. The baseline pressure differences 
between the two eyes were small and within the nor- 
mal range, as were the changes associated with the 
induction of anesthesia and intubation. 

The baseline values were 12.5 + 0.5 (SEM) mm Hg 
and 14.6 + 0.5 mm Hg in the saline and lidocaine 
groups, respectively. Two minutes after injection, im- 
mediately before intubation, IOP.was significantly 
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Figure 1. Time course of changes in intraocular pressure (IOP). 
Points and bars indicate percent change from baseline (mean + 
SEM). The initial IOP (time 0) represents the baseline IOP (see text). 
*P < 0.001 (for the difference between maximal IOP in control and 
lidocaine groups). 


lower in patients given lidocaine than in those given 
saline. One minute after intubation IOP was 16.9 + 
0.9mm Hg (35.3 + 7.0% above baseline) in the control 
group and 15.4 + 0.6 mm Hg (7.1 + 4.0% above 
baseline) in the experimental group. The increase above 
baseline levels was statistically significant in the saline 
group (P < 0.001), but not in the lidocaine group 
(P= 0.2), 

Peak IOP after intubation was 18.0 + 0.9 mm Hg 
after saline, a significant 5.5 + 0.7 mm Hg above 
baseline levels. Peak IOP after intubation when lido- 
caine had been given was 16.1 + 0.2 mm Hg, a lesser 
but statistically significant 1.5 + 0.27 mm Hg increase 
above baseline levels. Peak increases in IOP were sta- 


CLINICAL REPORTS 


tistically significant less (P < 0.001) after lidocaine 
than after saline. 


Discussion 


Tracheal intubation increases intraocular pressure (1,2). 
These short-term changes are probably of little con- 
sequence in normal healthy individuals. However, in 
patients with a lacerated globe (1,3), they may be 
hazardous. 

The increase in IOP is possibly a result of either 
sympathetically mediated vasoconstriction or an in- 
crease in central venous pressure (CVP) associated 
with coughing, or both. The increase in IOP was sig- 
nificantly less when intravenous lidocaine (2 mg/kg) 
was given before the tracheal intubation. Analysis of 
the IOP data of those patients who did not cough in 
the two groups, showed essentially the same signif- 
icant difference in IOP, suggesting that the elevation 
of IOP could be attributed to an autonomic reflex, not 
to an increase in the CVP caused by coughing. 

Some suppression of autonomic and cough reflexes 
is achieved by the inhibiting action of 2 mg/kg intra- 
venous lidocaine on the polysynaptic spinal reflexes, 
with no apparent cardiovascular depressant effect (8). 
Our findings do not indicate the optimal time for tra- 
cheal intubation. However, the dosage of lidocaine 
used produces an effective and safe blood level in the 
first 5 min (9,10) after intravenous injection. It is likely 
that the safest time for intubation, from the point of 
view of IOP stability, is within that time. The peak 
value of IOP was recorded, in most cases, 1 min after 
intubation. Clinically, the highest IOP reached is the 
critical factor irrespective of time, and any reduction 
in the IOP can alleviate harm in the lacerated eye. 

The present results indicate that the use of 2 mg/kg 
of intravenous lidocaine approximately 2 min before 
tracheal intubation significantly attenuates the in- 
crease in IOP. This procedure is strongly recom- 
mended in patients with penetrating eye injuries or 
recent surgical ocular incisions, and it is particularly 
helpful when these patients have to be anesthetized 
by rapid sequence induction because of the danger of 
aspiration of stomach contents. 
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Arrhythmias during Venous Cannulation prior to Pulmonary 


Artery Catheter Insertion 


Koger L. Royster, MD, William E. Johnston, MD, Glenn P. Gravlee, MD, 


Stanley Brauer, MD, and Dan Richards, MD 


Previous reports of arrhythmias during pulmonary 
artery (PA) catheter insertion have not directly as- 
sessed the incidence of arrhythmias occurring during 
the cannulation of the venous system using a flexible 
guidewire, vessel dilator, and catheter sheath intro- 
ducer system (1,2). We report a case of a life-threat- 
ening ventricular arrhythmia occurring during inser- 
tion of a guidewire through the right internal jugular 
vein, and a prospective clinical study prompted by 
that case to determine the incidence of arrhythmias 
during right internal jugular vein cannulation prior 
to pulmonary artery catheterization. 


Case Report 


A hypotensive 69-yr-old woman with a history of 
myocardial infarction, arrhythmias, and urinary tract 
infections was admitted to the intensive care unit with 
a diagnosis of septic shock. Treatment with dopamine 
and parenteral fluids stabilized the patient's condi- 
tion, and after appropriate cultures were obtained, 
antibiotic therapy was begun. On the third day of 
hospitalization, the patient became oliguric and a pul- 
monary artery catheter was inserted through the right 
internal jugular vein. The initial hemodynamic ealges 
revealed a cardiac output of 2.6 L/min, a central ve- 
nous pressure of 20 mm Hg, a PA pressure of 39/25 
mm Hg, and PA wedge pressure of 20 mm Hg. Do- 
butamine was added to the dopamine infusio}, but 
. the patient continued to have intermittent episodes 
of hypotension. Chest roentgenograms showed bi- 
lateral pleural effusions and a cardiac silhouette sug- 
gesting pericardial effusion, which was confirmed by 
echocardiography. Pericardiocentesis resulted in 
marked hemodynamic improvement and yielded pu- 
rulent fluid with gram-positive cocci. 
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Despite brief improvement, the patient continued 
to have marginal hemodynamic stability, poor urine 
output, and increasing peripheral edema. As a septic 
precaution, all intravascular catheters were changed. 
During reinsertion of the PA catheter, guidewire in- 
sertion resulted in sustained ventricular tachycardia 
that degenerated into ventricular fibrillation, which 
required defibrillation. A bolus injection of lidocaine 
was given, followed by an intravenous infusion of 
lidocaine after which the remainder of the catheter- 
ization proceeded uneventfully. 


Methods 


The study population consisted of 52 stable, adult 
cardiac surgical patients without previously docu- 
mented cardiac arrhythmias in whom PA catheters 
were inserted for elective perioperative monitoring. 
A history of cardiac arrhythmias or arrhythmias noted 
by electrocardiographic monitoring prior to catheter- 
ization excluded patients from the study. The patients 
were similar in regard to age, sex, and type of op- 
erative procedure (Table 1). All PA catheters were 
inserted through the right internal jugular vein by 
experienced anesthesia residents or fellows using an 
8.5-French percutaneous sheath introducer kit (Arrow 
International Inc., Reading, PA) (Fig. 1). Continuous 
electrocardiographic recording was employed during 
insertion of the guidewire, the dilator, and introducer 
sheath, and during removal of the guidewire. In 26 
patients (group 1), the residents or fellows used stan- 
dard techniques and approaches for venous cannu- 
lation. In an additional 26 patients (group 2), the res- 
ident or fellow inserted the guidewire (44.5 cm long) 
a short distance into the internal jugular vein, then, 
using the length of the vessel dilator (20.5 cm) as a 
reference, advanced the guidewire until the length of 
wire outside the skin slightly exceeded the length of 
the dilator (less than 22 cm intravenously). This pre- 
vented initial guidewire overinsertion, defined as the 
necessity to withdraw the wire through the dilator to 
allow distal control. The dilator and sheath were then 
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Table 1. Patient Population 


Group 2 


(n = 26) (n = 26) 

Sex 

Males 19 21 

Females 7 5 
Age (vr) 42-71 43-69 
Operation 

Coronary grafting 24 23 

Valve replacement 2 3 


* 
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Table 2. Incidence and Type of Arrhythmias during 


Arata masta dita anamanna 


Guidewire Insertion 


Group 1 Group 2 
Intravenous guidewire (cm) (n = 26) (n = 26) 
>22 <22 
Incidence 15 (58%) H13% 
Type 
PAC 6 3 
PAC,PVC 4 i 
PVC 
Multifocal 1 
Bigeminy 2 
VT 2 


Abbreviations: PAC, premature atrial contraction; PVC, premature ven- 
tricular contraction; VT, ventricular tachycardia. 
“Pp < 0.002 between groups | and 2. 





Figure 1. The length of the dilator-sheath introducer, 20.5 cm (top), 
compared to the length of the guidewire, 44.5 cm (bottom), from 
a commercially available introducer kit. 


placed over the guidewire. Next, the attending anes- 
thesiologist, wearing sterile gloves, secured the 
guidewire to prevent migration of the wire during 
advancement of the introducer sheath and dilator unit. 
The electrocardiographic tracings from the two groups 
were then examined for arrhythmias. Data were ana- 
lyzed using y”, with a value of P < 0.05 considered 
significant. This study was approved by the Clinical 
Research Practices Committee. 


Results 


The incidence and type of arrhythmias between the 
two groups are shown in Table 2. All arrhythmias 
occurred during guidewire insertion or during ad- 
vancement of the dilator-sheath complex over the 
guidewire. Fifteen patients (58%) in group 1 (n = 26) 
developed arrhythmias. Both atrial and ventricular 
arrhythmias occurred, including more serious ven- 
tricular arrhythmias such as bigeminy, multifocal pre- 
mature ventricular contractions, and ventricular 
tachycardia (three consecutive premature beats). Only 
four patients (15%) in group 2 (n = 26) developed 
arrhythmias. One patient had a premature ventricular 


contraction; three patients had premature atrial con- 
tractions. The incidence of arrhythmias in groups 1 
and 2 differed significantly (P = 0.002). All arrhyth- 
mias in both groups converted spontaneously, and 
none were clinically significant. 


Discussion 


Mechanical irritation of the cardiac chambers that 
commonly induces ectopic activity is abolished by re- 
moval of the stimulus (3,4). Prophylactic lidocaine 
seldom prevents these arrhythmias (3,4). The inci- 
dence of ventricular arrhythmias with the direct pas- 
sage of a PA catheter in critically ill patients varies 
from 53 to 68% (1,2), with Elliott et al. (1) finding 
some deviation from baseline rhythm in 77% of pa-- 
tients during catheter insertions. A study of PA cath- 
eter insertion prior to cardiac surgery showed an in- 
cidence of ventricular arrhythmias of 65% (4). 
Nonsustained ventricular tachycardia occurs during 
18-30% of insertions (1,3,4). Sprung et al. reported a 
33% incidence of ventricular tachycardia in critically 
ill patients during catheterization of the right side of 
the heart (5). Two patients required antiarrhythmic 
therapy or precordial thump, and one patient died in 
ventricular fibrillation. 

The Seldinger technique, a popular means of at- 
taining venous access for PA catheter insertion, re- 
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quires a guidewire, a venous dilator, and introducer 
sheath. The introducer kit used in this study contains 
a 44.5-cm guidewire and a 20.5-cm venous dilator 
(Fig. 1). The guidewire’s length is sufficiently ong to 
allow entry into the right ventricle during initial in- 
sertion and unintentional advancement as the venous 
dilator and catheter introducer are passed into the 
vein. Frequently, as the dilator is threaded over the 
guidewire, withdrawal of the wire is required to con- 
trol the distal tip. This indicates overinsertion. When 
the inserted length of guidewire is not carefully con- 
trolled, the incidence of atrial and ventricular arrhyth- 
mias is similar to that associated with PA catheter- 
ization (1,2). In contrast, when the length of guidewire 
inserted into the vein is restricted to that required to 
guide the dilator (20.5 cm) into the venous system 
and further advancement prevented while inserting 
the dilator and sheath, the incidence of arrhythmias 
is reduced by more than 70%. In addition, complex 
ventricular arrhythmias do not occur under these con- 
trolled conditions. This length of guidewire allowed 
into the vein is consistent with the recommended ap- 
proach by the introducer kit manufacturer. If a shorter 
length of guidewire is inserted, even fewer arrhyth- 
mias may occur; however, guidewire stability amd ste- 
rility may become a problem. For the purpose of this 
study, a second person secured the guidewire in group 
2 patients, but the guidewire can be controlled by one 
person with close attention to the external length of 
wire. An adequate skin incision (easing dilator intro- 
duction) and clamping the distal guidewire to a sterile 
towel with a hemostat can facilitate safe insertion. 
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In summary, without strict attention to guidewire 
control, arrhythmias commonly occur with the Sel- 
dinger technique of right internal jugular vein can- 
nulation. The incidence and severity of the arrhyth- 
mias are reduced with proper attention to the length 
of guidewire allowed to enter the venous system. The 
incidence of arrhythmias was approximately the same 
in the uncontrolled group as that of PA catheterization 
in the critically ill. Although the arrhythmias occur- 
ring in our group of stable cardiac surgical patients 
were not clinically significant, the precipitation of a 
clinically significant or life-threatening arrhythmia by 
venous cannulation may occur, perhaps especially in 
critically ill patients. 
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Peripheral Nerve Stimulation Through a Local Anesthetic Path: 


A Modified Koons Technique 


Thomas G. Johans, MD, and George Carr, MS 
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Regional nerve blockade is considered to be less pain- 
ful and more successful when a peripheral nerve stim- 
ulator (PNS) is used to localize the nerve (1,2). Be- 
cause the needle is placed with more accuracy, the 
chance for nerve damage and local anesthetic toxicity 
is decreased. 

Although this technique can be performed without 
insulated needles (3), there is recent evidence (4,5) 
that supports the use of an insulated needle. It is 
unfortunate however, that such needles are expensive 
and not readily available. 

In 1969, Koons (2) overcame these drawbacks by 
using the “Rochester” intravenous (IV) “extra-cath” 
as an insulated needle. To conduct the stimulating 
electrical impulses to the needle tip, he attached the 
stimulating electrode of the PNS via a stainless steel 
stopcock to the stainless steel hub of the obturator 
needle. Unfortunately, obturator needles used in 
commercially available IV extra-cath today are man- 
ufactured with nonconductive plastic hubs. Hence this 
otherwise ingenious and inexpensive insulated needle 
is no longer used. 

We thought that if an electrocardiographic impulse 
could be conducted along a saline-filled catheter dur- 
ing right atrial electrocardiography (6), then the im- 
pulse of the PNS possibly could be conducted through 
the local anesthetic that fills the plastic hub of the IV 
extra-cath. This innovation would then reestablish the 
IV extra-cath needle as an inexpensive, ubiquitously 
available, insulated block needle. The purpose of this 
report is to illustrate that the equipment apparatus 
described by Koons remains applicable even without 
stainless steel obturator needle hubs, to present a 
modification that makes the technique more aseptic 
and less cumbersome, and to provide supporting evi- 
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dence that the increased resistance imposed by this 
modification does not preclude its use. 


Equipment Modification 


In the apparatus described by Koons, a stainless steel 
stopcock is interposed between the syringe containing 
the local anesthetic and the IV extra-cath needle (2) 
(Fig. 1). To make this less cumbersome, we modified 
it with the immobile needle technique of Winnie (1) 
by interposing a length of disposable extension tubing 
between the stainless steel stopcock and the IV extra- 
cath needle (Fig. 1). The stimulating electrode of the 
PNS was then clipped by an alligator clamp to the 
stainless steel stopcock. (Because stainless steel stop- 
cocks are expensive and nondisposable, we chose to 
use the Arrow-Johans™ Right Atrial Electrocardiog- 
raphy Adaptor, Arrew International, Inc., Reading, 
PA EG-04900.) The stainless steel stopcock provides 
the necessary wire-to-solution adapter. The entire 
system is then flushed with the local anesthetic, and 
bubbles are meticulously removed. Using this equip- 
ment, the technique is carried out in a manner similar 
to Koons (2) or Montgomery et al. (3). 


Materials and Methods 


The equipment apparatus as described by Koons, as 
well as the proposed modification, was studied. A- 
known 1000-Q resistor was placed in series with the 
IV tubing filled with local anesthetic solution and the 
PNS. To measure the voltage drop (V) across this 
resistor, a Tektronix 464 storage oscilloscope was placed 
in parallel with the resistor. Output current delivered 
by the PNS to the tip of the needle could then be 
related as V/1000. Two concentrations of both ester 
and amide local anesthetics were studied. The Du- 
paco 54120 Peripheral Nerve Stimulator (Dupaco Inc., 
San Marcos, CA) was used as the test stimulator and 
was charged with a fresh 9-V battery. Measurements 
were made at each amplitude setting on the Dupaco 
PNS at 2 Hz frequency. Three IV’ extension tubings 
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Figure 1. Equipment apparatus described by Koons. The stimu- 
lating current is conducted via a stainless steel stopcock to the 
stainless steel hub of the obturator needle (A). The Koons equip- 
ment apparatus is modified with the immobile needle technique 
of Winnie. The stimulating current is conducted via local anesthetic- 
filled intravenous extension tubing (B). 


were assessed: a 33-in 2.5-mm inner diameter (Medex, 
Hilliard, OH); a 20-in 2.5-mm inner diameter Phar- 
maseal Inc., Toa Alta, Puerto Rico); and a 6-in 1.5- 
mm inner diameter (Linton Biomed Corporation, 
Mercer Island, WA). 


Results 


There was no difference in output current resulting 
from varying the concentration, the class (ester vs 
amide) of the local anesthetic, or both. Table | lists 
the output current with the five PNS amplitude set- 
tings at varying IV extension tubing dimensions. 


Discussion 


Local anesthetics are weak electrolytic solutions that 
conduct electric current depending on the degree of 
‘their ionic dissociation. Commercially prepared local 
anesthetic solutions are maximally dissociated be- 
cause they are acidified well below their pKa to insure 
water solubility. A local anesthetic-filled tubing, 
therefore, will act like an insulated wire. The highest 
transfer of current would be expected from IV tubing 
of largest diameter and shortest length (7). It is no 
surprise, then, that the short length of the plastic 
needle hub (Table 1) conducted the most current. There 
need not be concern over stainless steel obturator hubs, 
as cited by Koons (2). The technique continues to 
provide the least expensive and universally available 
insulated block needle. Although IV tubing of greater 
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Table 1. Output Current (mA) at 5 PNS Amplitude 
Settings from Intravenous Tubings of 
Varying Dimensions 


ileal ap ata hatain iig niiina mana ie e a Aaaa aaa TC nT Teen A 


PNS amplitude settings 





Intravenous tubing a a S nar oaes 
dimensions 5 4 3 2 ] 
Q.5-1n 2.5-mm* 20) 15 10 5 0 
22.0-in 2.5-mm 4 3 2 ] £) 
33.0-in 2.5-mm 2 1.5 I 0.5 9 
3 25 1.5 0.5 9 


6.0-in 1.5-mm 


“Dimensions of extra-cath obturator needle hub, inner diameter. 
Alb measurements made across a 1000-0 resister with 2& lidocaine HC] 
as the local anesthetic. 


diameter and shorter length can be purchased, one 
of the advantages of this technique is equipment avail- 
ability. For this reason we tested only the IV extension 
tubing available from our hospital stock. 

We have found, however, that having the alligator 
clip close to the needle is cumbersome and threatens 
contamination. We overcame this drawback by in- 
corporating the immobile needle technique of Winnie 
(1). This technique allows the needle to be stabilized 
during aspiration and injection of the local anesthetic 
without dislodging the needle tip (1). In addition, it 
allows the anesthetist to remain sterile without threat 
of contamination by the nonsterile stimulating wire 
and alligator clip. 

Despite a marked decrease in output current with 
varying dimensions of tubing, all delivered the min- 
imum range of current (0.5-2.0 mA) required to per- 
form this technique (5,8). The addition of this local 
anesthetic-filled IV extension tubing, therefore, does 
not increase the resistance enough to preclude its use. 
Compared to the high current output of the Koons 
apparatus, however, the increased resistance does de- 
crease the sensitivity of the technique (that is, at the 
same PNS amplitude, the needle tip must be closer 
to the nerve for stimulation). This loss of sensitivity 
would make stimulation of peripheral nerves located 
deep in the tissue (i-e., the sciatic nerve) more diffi- 
cult. Fortunately, this loss of sensitivity is balanced 
with an increase in specificity (that is, the needle tip 
is closer to the nerve for the same stimulation). This 
increase in specificity would make superficial nerve 
location (i.e., with brachial plexus) more accurate by 
overcoming false positive nerve twitches from high 
output current. Even though specificity can be in- 
creased with manipulation of the PNS amplitude, the 
current output at PNS settings other than maximum 
has been reported to be extremely variable (9). In the 
absence of commercially available constant current 
stimulators, the type of nerve block may, in the mean- 
time, dictate the equipment apparatus. 


ae 
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Special mention should be made about air bubbles. 
As they will completely stop conduction, a meticulous 
effort should be made to remove them. They most 
commonly arise from aspirating immediately upon 
skin puncture. The large negative pressure created by 
aspiration forms bubbles in the hub of the needle. 
This problem can best be avoided by delaying aspi- 
ration until the needle is correctly placed and the need 
for stimulation over. 

We have used this modification for patients 
undergoing peripheral nerve blockade during the past 
year and have found it to be as successful but less 
cumbersome than the equipment apparatus described 
by Koons. Special insulated needles designed to be 
less neuropathic (10) are being introduced commer- 
cially. Until they become more available and less ex- 
pensive, we think this technique offers a practical 
alternative. 


The authors are indebted to Drs. Kenneth Keown and G.W.N. 
Eggers for their critical review, to Mr. Jimmy Birkenbach for his 
electronic expertise, and to Ms. Emilie A. Sommer for her secretarial 
assistance. 
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Prolonged Neuromuscular Blockade with Vecuronium in a Patient 


Treated with Magnesium Sulfate 


Raymond S. Sinatra, MD, PhD, Beverly K. Philip, MD, J. Stephen Naulty, MD, and 
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Magnesium sulfate (MgSO,) is widely utilized in the 
treatment of preeclamptic hyperreflexia. Such therapy 
has important anesthetic implications because in- 
creases in plasma magnesium potentiate the activity 
of both depolarizing and nondepolarizing neuremus- 
cular blocking agents (1). In a recent animal study, 
Tran et al. (2) reported significant interaction between 
MgSO; and vecuronium, a nondepolarizing muscle 
relaxant of intermediate duration. Although vecuron- 
ium dose requirements in patients treated with MgSO, 
have yet to be determined, we present a case in which 
marked prolongation of neuromuscular blockade oc- 
curred after use of vecuronium in a patient being treated 
with MgSQ,. 


Case Report 


A 40-yr-old, 58-kg gravida 3, para 2 at 34 weeks ges- 
tation and in active labor was transferred to the Brigham 
and Women’s Hospital with signs of severe pre- 
eclampsia. Her blood pressure on admission was 
160/110 mm Hg, urine protein was 4+, and reflexes 
were 3+ with 8-9 beats of clonus. The patient, le- 
thargic yet cooperative, had no history of significant 
medical illnesses, allergies, medications, or anesthe- 
tic complications. 

Although she had received 4 g MgSO, inirave- 
“nously before transfer from the referring hospital, 
continued hyperreflexia necessitated an additional 4 
g intravenous bolus followed by a 2 g/hr continuous 
intravenous infusion. Approximately 30 min after the 
second bolus, sudden and severe late decelerations 
of the fetal heart rate mandated immediate cesarean 
delivery before maternal hematocrit, coagulation pro- 
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file, and serum magnesium level (6.1 mEq/L on ad- 
mission) became available. The patient was given 30 
ml of clear liquid antacid and quickly moved to the 
operating room where 100% oxygen was adminis- 
tered prior to a rapid sequence intravenous induction 
with thiopental (4 mg/kg), succinylcholine (1.5 mg/kg), 
and cricoid pressure. After tracheal intubation, anes- 
thesia was maintained with 50% N.O/50% O, and 
enflurane, 1.0%, until delivery of a viable 1500 gm 
infant (approximately 6 min after skin incision). Ap- 
gar scores were 5 and 8 at 1 and 5 min, respectively. 
After delivery, enflurane was discontinued and sub- 
stituted with a 70% N,O-narcotic (fentanyl 50 pg) 
technique. Central and large-bore peripheral cathe- 
ters were placed to monitor and treat hypovolemia 
secondary to severe preeclampsia and an acute 600 
ml intraoperative blood loss. 

Muscle relaxation, assessed by train-of-four stim- 
ulation of the ulnar nerve, did not require reinforce- 
ment until 10 min after succinylcholine administration 
when return of twitch response and patient move- 
ment were noted. Vecuronium (Norcuron, Organon 
Pharmaceuticals) 3 mg (50 ug/kg) was then admin- 
istered for maintenance of relaxation. 

After administration of lactated Ringer’s solution 
(3.5 L), the remainder of the 70-min procedure was 
uneventful except that no twitch response could be 

elicited. For this reason we discontinued the MgSO, 
infusion 50 min into the procedure and obtained ve- 
nous blood samples for measurement of serum mag- 
nesium levels (intraoperative level 6.2 mEq/L). Sur- 
gery was completed approximately 60 min after 
vecuronium administration, and reversal of pro- 
nounced neuromuscular blockade (absent twitch, 
minimal ulnar or facial nerve response after 50 Hz 
stimulation) was attempted with intravenous neo- 
stigmine (4 mg) and atropine (1.6 mg). 

Emergence from anesthesia was rapid, but the pa- 
tient appeared weak and had only two to three twitches 
in response to train-of-four stimulation. She was re- 
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assured, sedated with diazepam, and treated with 
additional neostigmine (1 mg). After 45 min of as- 
sisted ventilation she was, however, still unable to 
sustain head lift and could only manage a 200 ml 
maximum expiratory volume and a 10 cm (water) neg- 
ative inspiratory pressure. The patient was trans- 
ferred to the recovery area for an additional 1.5 hr of 
ventilatory assistance and then tolerated breathing via 
a T-piece. She was extubated 3.5 hr after receiving 
the single dose of vecuronium and subsequently had 
an uneventful postoperative course. 


Discussion 


Vecuronium is a useful nondepolarizing muscle re- 
laxant in healthy parturients undergoing cesarean de- 
livery; it is associated with minimal placental transfer 
and a more rapid elimination half-life than that ob- 
served in nonpregnant patients (3). Vecuronium also 
offered theoretical advantages for the management of 
our patient, including intermediate duration of effect, 
negligible histamine release, and cardiovascular sta- 
bility (4). 

Potentiation of neuromuscular blockade should be 
expected and dosage adjusted whenever magne- 
sium-—relaxant combinations are employed. In the 
present case, some potentiation of vecuronium activ- 
ity was anticipated; however, as the time required for 
completion of surgery was believed to be more than 
twice the duration of the dose administered (4), a 
moderately prolonged relaxation interval could have 
been accommodated. The resulting magnitude of pro- 
longation as evidenced by an 8-fold increased dura- 
tion of action was unexpected. Such prolongation was 
surprising because the interval of succinylcholine- 
induced relaxation was not appreciably greater than 
that observed in parturients not given MgSO.. 

Factors that might have increased vecuronium’s 
duration of action include too large a dose being ad- 
ministered for this patient’s decreased weight and 
volume of distribution after delivery of the baby and 
placenta, and potentiation by residual succinylcholine 
and an inhalational anesthetic. However, return of 
twitch response was normal prior to vecuronium 
administration and enflurane was discontinued after 
delivery. The most reasonable explanation for the pro- 
longation of vecuronium activity in this case was the 
therapeutically induced elevation of plasma mag- 
nesium. 

Magnesium sulfate is a drug of choice in pre- 
eclamptic individuals because its depressant effect upon 
the central nervous system and neuromuscular junc- 
tion (NMJ) effectively reduces hyperreflexia and may 
prevent grand mal seizures. Therapeutic plasma lev- 
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els, which lie between 4 and 6 mEq/L, may, however, 
suppress peripheral neuromuscular function by de- 
creasing acetylcholine release (5). Reduction of end- 
plate sensitivity and decreased muscle fiber excita- 
bility have also been reported (6). Progressive maternal 
weakness occurs as plasma magnesium levels ap- 
proach 12-15 mEq/L (7). In the present case, peri- 
operative magnesium levels were at the upper end of 
the therapeutic range. Therefore, magnesium toxicity 
by itself was probably not responsible for the pro- 
longed paralysis. This observation suggests that vec- 
uronium requirements are significantly lower in pa- 
tients with therapeutic plasma magnesium levels. The 
validity of this impression is strengthened by findings 
in rabbits where the vecuronium ED;, decreased in 
linear fashion as plasma magnesium levels increased 
from 2 to 6 mEq/L (2). 

Generalized depression of the NMJ could easily 
influence the duration of vecuronium activity by re- 
ducing the number of functional cholinergic receptors 
or the amount of acetylcholine available to overcome 
competitive blockade. A similar conclusion was first 
reported by Morris and Giesecke (8), who found that 
MgSO; had 1/1000 the potency of d-tubocurarine and 
additive effects when administered with either de- 
polarizing or nondepolarizing agents. In contrast to 
these findings, prolongation of succinylcholine block- 
ade was not significant and did not influence the man- 
agement of our patient. Moreover, the interaction be- 
tween vecuronium and MgSO, appears to be more 
pronounced than that occurring with d-tubocurarine 
and MgSO, where one-half the usual dose is rec- 
ommended for adequate maintenance of relaxation 
(9). Because vecuronium is approximately nine times 
as potent as d-tubocurarine, interactions with mag- 
nesium may become magnified and result in pro- 
longed and profound inactivation of the NMJ in a 
manner not predicted by pharmacokinetic profiles. 

In conclusion, therapeutic levels of magnesium 
greatly increased the duration of vecuronium activity 
in a preeclamptic patient. It is recommended that vec- 
uronium be carefully titrated to twitch response in ` 
parturients receiving magnesium salts. 
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Letters to the Editor 


Midazolam Maleate 
and Hydrochloride 


To the Editor: 


The findings reported by Blackmon et al. (1) are not un- 
expected. In crossover studies in 11 subjects, we found no 
significant difference in mean plasma levels after injection 
of 0.1 mg/kg of the two salts (2) (see Fig. 1). 


J. W. Dundee, MD, PhD, FRCP, FFARCS 
P. Kawar, MD, PhD 

Department of Anaesthetics 

The Queen's University of Belfast 

Whitla Medical Building 

97 Lisburn Road 

Belfast BT9 ZBL 

Northern Ireland 
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Figure 1. Mean plasma midazolam levels. 








© 1985 by the International Anesthesia Research Society 


ANESTH ANALG 1223 
1985-64: 1223-8 
The Effect of Chloroprocaine on 
Neonatal Neurobehavior 
To the Editor: 
The Brazelton Neonatal Behavioral Assessment Scale 


(BNBAS) (1) is sensitive to very subtle effects of low levels 
of drugs given to the mother during labor and delivery 
(2-4). It may be more sensitive than the Scanlon Early Neo- 
natal Neurobehavioral Scale (ENNS) (5) or the Neurologic 
and Adaptive Capacity Scoring System (NACS) (6), both of 
which emphasize changes in muscle tone or diminished 
response to decrement. The reason for the greater sensitiv- 
ity of the BNBAS may be that it evaluates many aspects of 
the newborn's behavioral repertoire, including reflexes, 
physiologic response to certain stresses, _ irritability/ 
consolability, and a number of social—interactive behaviors 
thought to be important to the care giver. 

The regulation of state cluster (8) of the BNBAS appears 
to be particularly sensitive to drugs. In the past, we have 
reported that low doses of meperidine given to the mother 
have measurable effects on this cluster (2). Nonmedicated 
control neonates showed significant improvement in scores 
with age while neonates born of mothers given meperidine 
showed none. In an earlier study, we also reported that 
there was no such improvement with age on this cluster in 
infants whose mothers received lidocaine or chloroprocaine 
for epidural anesthesia (3). 

While it is known that lidocaine may have subtle effects 
on the BNBAS, chloroprocaine has often been considered 
a “control” for neurobehavioral studies of local anesthetics 
(4). However, there have been no direct comparisons of 
chloroprocaine with a concurrent nonmedicated control 
group. For this reason, we would like to report a compar- 
ison of BNBAS scores of vaginally delivered infants whose 
mothers received chloroprocaine for epidural anesthesia 
(n = 13) and a concurrent control group of infants who 
were delivered without maternal medication (n = 16). Ex- 
aminations were done on the first and third days of life. 
The methods and clinical characteristics of the patients have 
been reported previously (2,3). 

Significant differences in the clinical characteristics of the 
two groups were found only in the length of labor and parity 
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Figure 1. The effect of chloroprocaine on the infant's recovery on 
the regulation of state cluster. 


(P < 0.05); individuals in the control group were moe par- 
ous and had shorter labors. Because of these diffezences, 
length of labor and parity were each used as covariates 
In separate repeated measures’ analyses of variance 
(ANOVAS) that looked at the effect of drug and test day 
on the BNBAS clusters. `’ 

The results showed that there was one > significan- effect 
of chloroprocaine and this was on the regulation cf state 
cluster (Fig. 1). There was a significant improvementin test 
scores in the control group but not in the epidural group 
(P = 0.015). The effects of chloroprocaine were obvius on 
the third day when the differences between the mearss were 
greater than one scale point. Standard deviations were 1.03 
and 1.01 for the control group on the first and seccnd ex- 
` aminations, and 1.09 and 1.10 for the chloroprocaine group 
on the first and second examinations. The difference was 
statistically significant when controlling for length ct labor 
and parity between the groups: 

The regulation of state cluster includes items thet mea- 
gure the infant's cuddliness, consolability, self-quietirg, and 
hand-to-mouth activity (8). These items are though# to be 
important because they may: influence maternal-infant in- 
teraction (8). Thus this study suggests 1 that chlorop=ocaine 
may have subtle neurobehavioyal effects on the infant. 
Therefore, chloroprocaine May not be completely innocu- 
ous and should not be used as a “control” for studies on 
the effects of ae on neonates pang BNBAS. 
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LETTERS TO THE EDITOR 


Betty R. Kuhnert, PhD 

Patricia L. Linn, PhD 

Perinatal Clinical Research Center and Dept. of Ob/Gyn 
Case Western Reserve Untversity 

Cleveland Metropolitan General Hospital 

3395 Scranton Road 

Cleveland, OH 44109 
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Humidifiers Are Unjustified in 
Adult Anesthesia! 


To the Editor: 


When confronted with a clinical situation where intraoper- 
ative hypothermia may occur, the anesthesiologist using a 
circle system has two options: use a heated humidifier or 
close the circuit. The closed circuit provides essentially ideal 
inspired humidity (1). This is dccémplished by conserving 
expired humidity and by-coriverting expired carbon dioxide 
to water. The closed circuit plus the considerable heat- and 
moisture-exchanging properties ‘of the endotracheal fube 
combine to provide humidification comparable to a con- 
scious subject breathing through his nose (2). Any possible 
adverse physiologic effects of dry anesthetic gases are pre- 
vented by the closed circuit. However, many anesthesiol- 
ogists feel that heated humidifiers actively warm a patient 
who has been allowed to get cold. The article by Railley et 
al. (3) dispels this myth. As shown in their enlightening 
thermodynamic discussion, two-thirds of the potential ther- 
mal benefit of a humidifier comes from conservation of hu- 
midified gases. In related work, Sims and Welch (4) care- 


1The opinions or assertions contained herein are the private 
views of the author and are not to be construed as reflecting the 
views of the Department of the Army or Ee Department of Defense. 
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fully measured temperature gradients along the endotracheal 
tube and showed that previous claims for heated humidi- 
fication were overstated. These careful analyses indicate 
that there is no reason to believe that a heated humidifier 
can prov ide a significant advantage over the closed circuit. 
High flow systems replaced the closed circuit in an era 
when humidification and intraoperative hy pothermid were 
not viewed as significant problems. In that era, closed circuit 
anesthesia had technical limitations that have been com- 
pletely solved in the intervening years. Until the late 1940s, 
indicators were not commonly used in carbon dioxide. ab- 
sorbent, so considerable clinical judgment was required for 
changing absorbent when the circuit was closed. Double 
canisters with indicators now allow safe optimal use of ab- 
sorbent. An oxygen analyzer is an important safety feature 
in closed circuit anesthesia and is mandatory whenever ni- 
trous oxide is used. Oxygen analyzers were marketed in 
the 1970s and are now viewed as essential in all anesthe- 
tizing locations (5). Finally, the quantitative pharmacoki- 
netic understanding required for closed circuit administra- 
tion of potent volatile agents was developed in the early 
seventies (6). The quantitative administration of potent vol- 
atile agents in the closed circuit requires only an inexpensive 
pocket calculator (also a development of the 1970s). 
Before a new medication can be marketed, manufactur- 
ers must demonstrate that the medication has advantages 
in safety or efficacy over medications already available. The 
same standard should also apply to anesthesia equipment. 
Humidifiers should not be marketed for adult use until 
randomized studies demonstrate a significant advantage 
over the closed circuit, a highly unlikely outcome. A ben- 


eficial effect must be demonstrated on some measure of 


total body heat content, not simply warming an esophageal 
temperature probe (7). Pediatric closed circuit anesthesia 
requires a specially designed pediatric absorber (8,9). Be- 
cause this equipment is not readily available, humidifiers 
are probably justified in pediatric anesthesia at this time. 

Humidifiers are expensive. A typical one lists for $750 
with disposable, single use heating elements that cost $12. 
The addition of an expensive piece of equipment to an al- 
ready crowded workplace is illogical when the same benefit 
accrues at no cost to the patient by simply lowering the 
flows. Anesthesiologists are highly paid consultants. In this 
era of cost containment, the patient should expect his anes- 
thesiologist to acquire the necessary knowledge to safely 
practice closed or low flow techniques rather than be charged 
for an expensive humidifier. 


R. K. Baumgarten, MD 

De partment of Surgery, 

Anesthesia and Operative Service 
Brooke Army Medical Center 

Fort Sam Houston, TX 78234-6200 
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Seizures from Isoflurane? 


To the Editor: 


Dr. J. A. Hymes doesn’t think much of anecdotal reports. 
In his paper, “Seizure Activity during Isoflurane Anes- 
thesia” (1), he writes, “Even though seizures have been 
implicated as a consequence of high doses of fentanyl, only 
anecdotal reports and no EEG evidence of seizures have 
been published.” He then provides us with an anecdotal 
report of seizures without EEG evidence, this time attrib- 
uted to isoflurane. 

For general anesthesia, Dr. Hymes’s patients received 
fentanyl, d- tubocurarine, thiopental, succinylcholine, ni- 
trous oxide, and isoflurane. Seizures (increased muscle tone, 
myoclonus, muscle spasticity) occurred during operation 
and persisted (myoclonus) for at least 1 hr after operation. 
Slowly eliminated fentanyl has a seizure~anecdote—score of 
five patients (2-5); rapidly eliminated isoflurane has a sei- 
zure—anecdote—score of zero. Which is the most likely cause 
of seizure? But then you can’t believe anecdotal reports of 
seizures without an EEG anyway. 


Arthur S, Keats, MD 

Division of Cardiovascular Anesthesin 
Texas Heart Institute 

Heuston, TX 77025 
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In Response: 


Anecdotal reports are almost invariably the initial form for 
the presentation of new and previously unexpected events. 
Clinical and experimental studies characteristically follow 
them should enough questions be raised by these reports. 
The author must agree with Dr. Keats that more cases of 
seizures have been reported associated with fentanyd than 
with isoflurane. The only inference that can be drawa from 
this, however, is that if there is really an incidence of sei- 
zures with either drug, it is extremely rare. The approach 
of using a seizure—anecdote—score as an attempt to quantify 
these anecdotal reports is an innovative one but cannot 
possibly serve to confirm the occurrence of seizures with 
one drug while denying the other. Rather, it can only show 
the perhaps very unusual nature of the incidence with each. 
Interestingly enough, since the beginning of anecdctal re- 
ports of seizure activity associated with fentanyl, clinical 
investigative studies have been carried out. To date. EEG 
substantiation of seizure activity associated with fentanyl 
anesthesia (at least in high dose fentanyl anesthesia) re- 
mains absent (1). 

in examining other anecdotal reports of seizure activity 
also associated with fentanyl, a substantial difference exists 
between circumstances in this reported case, and those pre- 
viously reported (2-5). Dr. Keats indicates that isoflurane 
is eliminated rapidly, whereas fentanyl takes more time. 
This is the case. However, the primary determinant of the 
duration of action of fentanyl in low doses (as in this case) 
is that of redistribution from the vessel-rich brain. In this 
instance there was a time interval of greater than one-half 
hour from the administration of the 100-ug bolus of fentany! 
until the slowly progressive onset of seizure activity. In a 
patient without otherwise complicating medical conditions, 
the fentanyl level in the brain should be exceedingly low. 

It should also be noted that of all the drugs lisied as 
given in the case that may potentially complicate the situ- 
ation, iLe., fentanyl, d-tubocurarine, thiopental, suecinyl- 
choline, nitrous oxide, and isoflurane, only fentany! (and 
now isoflurane) have been implicated as potentially causing 
seizure-like activity. 

The utilization of intraoperative encephalographic mon- 
itoring is, and may always be, the exception rather than the 
rule in all but a select number of cases. This fact, coupled 
with the clear rarity of seizure activity with either of the 
* above-mentioned drugs, makes the likelihood of observing 
it on an EEG very low. In fact, when specifically looked for 
under the appropriate circumstances, they did not occur 
(1). 

Finally, it should be noted that if one cannot believe 
anecdotal reports of seizures without the assistance of a 
relatively recent invention such as an electroencephalo- 
gram, epilepsy would be a very young disease indeed. 


Jayson À. Hy mes, MD, MPH 
Emory University School of Medicine 
Atlanta, GA 
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Seizures with Etomidate Anesthesia 


To the Editor: 


We read with interest the case reported by Laughlin and 
Newberg (1), describing a patient with prolonged my- 
oclonus after an etomidate infusion combined with N-O and 
pancuronium for operative anesthesia. The patient devel- 
oped facial twitching shortly after surgery that spread to 
become generalized myoclonus. The patient was unre- 
sponsive during this time and had no memory for the event. 
The myoclonus lasted approximately 2.5 hr. 

In our institution we have used etomidate to activate the 
seizure focus in patients undergoing temporal lobectomy 
for the treatment of medically refractory complex partial 
seizures. The patients are continuously monitored with cor- 
tically placed electrodes, and in more than 25 patients, 
etomidate consistently has activated the patients’ epilepti- 
form activity. This protocol was begun when anesthesia was 
induced with etomidate in a young patient allergic to bar- 
biturates, scheduled for a cortical resection of epileptogenic 
tissue. After induction, but prior to muscle relaxation, the 
patient had a grand mal convulsion (2). After the crani- 
otomy, electrodes were placed on the cortical surface, etom- 
idate was administered, and again the seizure focus was 
activated inducing an electrographic seizure. 

We have also given etomidate to more than 30 patients 
whose EEGs were being monitored while they were 
undergoing open heart surgery for valve replacements. None 
had a history of epilepsy. Approximately 20% of these pa- 
tients, after etomidate induction, had generalized epilep- 
tiform activity recorded in their EEGs. 

It is unfortunate that the patient reported by Laughlin 
and Newberg did not have an EEG performed during the 
prolonged period of myoclonus and altered consciousness. 
It is possible that at least part of this patient’s behavior 
represented seizure activity induced by etomidate. Patients 
receiving etomidate who demonstrate abnormal somatic re- 
sponses that possibly are epileptic in origin should have 
EEGs performed to rule out seizure activity. 

Walter Krieger, MD 


Jack Copperman, MD 
Department of Anesthesiology 
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Kenneth D. Laxer, MD 

Department of Clinical Neurophysiology 
Good Samaritan Hospital and Medical Center 
Portland, OR 97210 
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Possible Potentiation by 
Hydroxyzine of Metoclopramide’s 
Undesirable Side Effects 


To the Editor: 


Adverse responses to hydroxyzine and metoclopramide have 
been reported when the drugs are administered separately 
(1-6). We now report an unexpected drug reactions after 
the administration of metoclopramide and hydroxyzine. 

After a motor vehicle accident, a 20-yr-old previously 
healthy man was admitted for assessment and debridement 
of a left leg wound. Except for the left leg, physical and 
neurologic examinations were normal. Routine preopera- 
tive laboratory tests were normal. There was no clinical or 
biological evidence of drug or alcohol abuse. He had taken 
nothing by mouth since 11:30 am (4 hr before the accident). 
The surgical procedure was scheduled for 9:00 pm. An hour 
before surgery, at 8:00 PM, to ensure gastric emptying, the 
patient was given 10 mg metoclopramide (0.15 mg-kg~'). 
The drug was diluted and administered by injection into 
an intravenous infusion. Half an hour before surgery, at 
3:30 PM, as surgical premedicant, the patient was given 100 
mg hydroxyzine by deep intramuscular injection. At 9:00 
2M, on his arrival in the operating room, instead of being 
sedated, he was anxious. During preparation for induction, 
~igidity and generalized tremor developed and the patient 
complained of diffuse pains. Within 5-7 min he became 
restless and confused: blood pressure increased from 120/70 
to 190/110 mm Hg without tachycardia. Respirations be- 
came irregular and opisthotonos appeared. These symp- 
toms responded rapidly to the intravenous administration 
of thiopental (10 mg-kg~*), followed by halothane inhalation 
after airway control. The surgical procedure was performed 
without any further adverse events. Recovery was not no- 
tably delayed. No recurrence of the symptoms occurred. 
After complete recovery, complete physical and neurolog- 
ical examinations were normal, except for a temperature of 
38.6°C. The fever subsided within 24 hr. The patient did 
not remember anything about the incident. He was dis- 
charged four days later. 

After the administration of metoclopramide and hy- 
droxyzine, this healthy young man without history of neu- 


rologic conditions developed acute anxiety and dystonia 
with elevation of blood pressure. These symptoms have 
already been reported after administration of metoclopra- 
mide alone (4-7). The average time to onset of metoclopra- 
mide-induced side effects is normally 24--48 hr (6) after ini- 
tiation of the therapy. Occasionally side effects occur within 
10-90 min (6), especially in children, in the presence of 
infections or when metoclopramide is associated with drugs 
such as phenothiazines, butyrophenones, thioxanthenes, 
and macrolides. Children and young adults are particularly 
prone to dystonic extrapyramidal-like reactions (6,7). Such 
reactions have most often been observed after large daily 
doses exceeding 0.5 mg-kg~’. These reactions are some- 
times accompanied by fever (4). Anticholinergic and anti- 
histaminic drugs have been suggested for treatment of these 
reactions (4). 

In our case, the patient received the usual therapeutic 
dose of metoclopramide (0.15 mg-kg~*). However, instead 
of preventing an adverse reaction, hydroxyzine, an anti- 
cholinergic and antihistaminic drug, given intramuscularly 
30 min after metoclopramide may well have precipitated it. 
Peak onset of hydroxyzine’s therapeutic and adverse effects 
occurs 30-60 min after intramuscular injection (8-11). Our 
patient started to develop anxiety and dystonia 30 min after 
the intramuscular injection of hydroxyzine. This drug is 
known to be able to induce such neurological disorders as 
drowsiness, hypersedation, tremor, seizures (2,12), and, 
with chronic use, dyskinesia (13). In our observation, de- 
spite a seemingly appropriate dose of metoclopramide, the 
patient developed side effects usually reported after high 
doses. These side effects were observed 30 min after intra- 
muscular hydroxyzine administration, at the time of peak 
onset of action of hydroxyzine. We suggest that hydroxy- 
zine may have potentiated the onset of metoclopramide side 
effects. 

On the base of a single case, it is not possible to be 
certain, but we draw attention to a possible interaction be- 
tween metoclopramide and hydroxyzine. 


Jean L. Fouilladieu, MD 
Mireille Hosanski, MD 
Kathleen McGee, MD 

Milan Korvin, MD 

Pierre Bonnette, MD 

Yves Joulin 

Christian Conseiller, mp 
Departments of Anesthesiology, General Surgery, and Clinical Pharmacology 
Hopital Cochin 

U.E.R. Cochin Port-Royal 

27, rue du Faubourg Saint Jacques 
75014 Paris, France 
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Book Reviews 


A Calculus of Suffering. Pain, Professionalism, 
and Anesthesia in Nineteenth Century 
America. 

Martin S. Pernick. New York: Columbia University Press, 
1985, illustrated, 421 pp, $35.00. 


A fascination with the “discovery” of anesthesia still grips 
the minds of writers as shown in this latest example. M. S. 
Pernick approaches the phenomenon anew under the im- 


posing rubric of “A Calculus of Suffering.” The term is’ 


employed throughout the text, not in the medical or math- 
ematical sense, but rather in the realm of symbolic logic— 
to pose a proposition. Here anesthesia is viewed in relation 
to concepts of professionalism and benevolence in 19th- 
century America, embracing such aspects as conservative 
and heroic medicine, and a cost benefit approach to medical 
ethics. Admittedly, the analysis and, especially the statis- 
tics, may be flawed by a chauvinistic use of sources that 
include only those non-American authors whose work 
touches upon American theory and by a narrow focus on 
how one generation of mostly eastern, urban professionals 
used anesthesia, and why. Pertinent in this context is the 
abservation once made by medical historian C. E. Rosen- 
berg, “Most medical practice was in the hands of unin- 
formed, rural, semi-educated practitioners who leave few 
tracks in the archival sands.” 

Part I of this text reviews the fabric of 19th-century Amer- 
ican medicine, heretofore amply described by others. Per- 
nick notes, “Morton’s demonstration of anesthesia in 1846 
introduced a radically new remedy to a profession undergo- 
ing massive change.” The writer does not hesitate to shun 
hyperbole, and was it indeed a remedy? Part II entitled 
“Why Not Everybody” embraces chapters concerning the 
basis for selective anesthetization, the drawbacks and the 
rivalry by other therapies and cults—hydropathy, vegetar- 
ilanism, and homeopathy, for example. (Actually, a pano- 
rama of those times is nicely depicted in the American So- 
ciety of Anesthesiologists’ Exhibit on Pain, now at the 
Smithsonian Institution in Washington.) With considera- 
ble repetition, we are informed of the advantages of pain- 
Jessness (“pain and fear can kill”), deliberate surgery, and 
medical paternalism whereby patients are relieved of the 
painful knowledge of what is being done to them. Several 
chapters speak of Utilitarian Professionalism, the Calculus 
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of Safety, wherein choices must be made between suffering 
and death, of Competition and Consensus, and lastly the 
Ethics of Professional Decision Making. 

The final chapters range from the universal to the par- 
ticular, to deal with rules and regulations for anesthetiza- 
tion, which engendered the writing of textbooks, “Why 
Don’t They Feel It The Way We Do” comes to the conclusion 
that general anesthesia was considered especially appro- 
priate for children, women, the educated upper class, white 
persons, for major limb amputation, reduction of disloca- 
tions, and prolonged surgical dissections. Unfortunately, 
the supporting statistics are not amenable to verity analysis 
for the population base from which data are drawn is 
unknown. 

This reviewer has several demurs. Can one assert that 
industrialization of society in those times increased anes- 
thetic and surgical mortality, or was it the still unsolved 
specter of infection? Did the demand for operations increase 
with the advent of anesthesia, or were the operations merely 
still of the same superficial kind? Did anesthesia make it 
easier for women to specialize in surgery as contended here? 

Overall, the “Calculus” represents a well-meaning and 
honest analysis—an historian’s history that is hardly con- 
ducive to casual reading. This opinion is reinforced by the 
ten pages of statistics, nearly 100 pages of notes in reference 
to the text, some 50 pages of primary and secondary source 
material, and lastly an index. Had there been an anesthe- 
siologist among those listed under acknowledgments, sev- 
eral apparent gaffes might have been avoided, such as the 
claims that Morton was the first to give anesthesia (perhaps 
Pernick implies the first public demonstration); that Edward 
Gilbert Abbott’s lesion was a massive tumor of the face (a 
modest-sized congenital vascular anomaly of the neck); that 
the lesion was excised by surgeon J. C. Warren (mere li- 
gation of the pedicle); that nitrous oxide began to be em- 
ployed only after 1847 (widely used in dentistry after Well’s 
extraction in 1844); that both Wells and Morton were merely 
opportunists (both men had a genuine urge to relieve the 
pain of dentistry); and that the anesthesia death rate in 1970 
was one in 2000 operations (citing the Beecher~Todd study 
done around 1950). 

Leroy D. Vandam, MD 


Brigham and Women's Hospital 
Boston, MA 
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Nitrous Oxide/N2O. 
Edmond I. Eger n, ed. New York, Elsevier Science 
Publishing Co., Inc., 1985, 369 pp. $37.50. 


In the 140 years since its first medical use, nitrous oxide 
has been administered over a billion times to surgicai, den- 
tal, and obstetrical patients. However, it is only within the 
last 30 years that many of the biophysical and biochemical 
correlates of nitrous oxide administration have been thor- 
oughly studied. Because of his major role in these inves- 
tigations, Dr. Eger is uniquely qualified to edit this timely 
volume. 

The book begins with a comprehensive overview of the 
history and chemistry of nitrous oxide; a few errors in the 
thermodynamics section detract from the otherwise high 
quality of these chapters. The review of proposed mecha- 
nisms of nitrous oxide analgesia was complete; however, 
much of the material is controversial, and I found the dis- 
cussion inconclusive. Dr. Eger’s concise chapters on nitrous 
oxide’s MAC and pharmacokinetics are essential reading 
for trainees and a useful review for practicing anesthesiol- 
ogists; the concentration effect and gas space expansion 
principles are especially well explained. The discussion of 
nitrous oxide delivery systems provided interesting insights 
into the development of methods for avoiding delivery of 
hypoxic gas mixtures. 

The reviews of cardiovascular and central nervous sys- 
tem effects are, if anything, too extensive: a multitude of 
sometimes conflicting references made them difficult to fol- 
low. In contrast, the sections on nitrous oxide metabolism 
and interaction with methionine synthetase (with resultant 
pernicious anemia-like signs) are well-written and appro- 
priately referenced. After a presentation of the laboratory 
and clinical evidence of the potential risks of chronic, low- 
level nitrous oxide exposure, there is an excellent review of 
methods for minimizing and monitoring occupational ex- 
posure to waste anesthetic agents. 

The work concludes with a unique “point-counterpoint” 
argument regarding the continued use of nitrous oxide, in 
light of our increased understanding of its risks and im- 
provements in alternative anesthetics. Dr. Eger explains 
why a “New Drug Application” for nitrous oxide would 
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probably never be approved: the drug has limited efficacy 
(must be supplemented to provide surgical anesthesia), must 
be given in high concentrations (reducing inspired oxygen), 
has significant harmful effects on the central nervous and 
hematopoetic systems, and has no unique beneficial prop- 
erties. Drs. Saidman and Hamilton counter that the benefits 
of nitrous oxide, rapid uptake and elimination with minimal 
cardiorespiratory depression, are unique. They emphasize 
that as with all drugs, “Nitrous oxide should be used only 
after assessing the reasons for doing so.’ 

Because of its extensive bibliography, Nitrous Oxide/N,O 
is an excellent reference resource, which provides a com- 
prehensive review of the current state of knowledge about 
this oldest and most ubiquitous of currently used anesthetics. 


Jeffrey B. Gross, MD 
Assistant Professor of Anesthesia 
University of Pennsylvania 
School of Medicine 

Philadelphia, PA 19104 
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pressurized infusion systems 

for fluid resuscitation 382 

(letter) 458 
stethoscope amplifier, esophageal 

(letter) 377 
surgical drapes, flammable 54 
valves 

directional (abstract) 237 

dome, incompetent unidirectional 745 
vaporizers, isoflurane 634 
ventilators 

(abstract) 246 

bellow’s leak in (letter) 942 

Esmolol, see 
Heart 
Sympathetic nervous system 
Etomidate, see 
Anesthetics, intravenous 
Induction, anesthesia 
Evoked potentials, see 
Brain 
Monitoring 
Eye 
intraocular pressure 

(abstract) 245 

anesthesia effects on 520 

physiologic determinants of 520 

tracheal intubation-induced, lidocaine 

effect on 1211 
Fentanyl, see 
Analgesics 
Anesthetics, intravenous 


Fires, see 
Complications 
Electrical systems 
Equipment 
Fluid balance 
albumin, crystalloid, hydroxyethyl 
starch 753 
Fluorocarbons, see 
Blood 
Pharmacology 
Fluosol, see 
Blood 
Pharmacology 
Gases, nonanesthetic 
contamination of closed-circuit 
anesthesia with 343 
nitrogen, end-tidal analysis in detection 
of venous air embolism 688 
Gastrointestinal tract 
antacids 
cimetidine, sinus arrest associated 
with 453, 554 
citrate pretreatment for cesarean 
section 34 
radiotelemetric assessment of effect 
of, during labor 95 
blood flow, fentanyl and morphine 
effects on 577 
gastric pH and volume 
age-related risk of pulmonary 
aspiration as indicated by 11 
citrate pretreatment for cesarean 
section and 34 
stomach 
barotrauma case report and 
theoretical considerations 1026 
Genetic factors 
pseudocholinesterase deficiency (letter) 
557 
Geriatric, see 
Age factors 
Anesthesia, geriatric 
Halothane, see Anesthetics, volatile 
Heart 
B-adrenoceptor blockade assessment 
during anesthesia 305 
arrhythmias 
cimetidine-induced sinus arrest 453 
bretylium treatment of 911 
bupivacaine causing 1089 
diltiazem effect 964 
(abstract) 236 
halothane anesthesia and 964 
hypocarbia and (letter) 462 
isoflurane effect 570 
lidocaine effect 911, 1089 
respiratory sinus, in isoflurane— 
nitrous oxide anesthesia 811 
venous cannulation as cause 1214 
verapamil prevention of 1202 
calcium ion effects on 432 
cardiac arrest, with anterior mediastinal 
mass 1129 
cardiac output 
(abstract) 262 
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measurements of (letter) 652 
catheterization effect on 1214 
(abstract) 288 
(letter) 844 
conduction systems, enflurane and 
halothane effects on 1060 
congenital defects 
inhalational anesthetic induction in 
children with 101 
patent ductus arteriosus 1078 
electrocardiography, prolonged QT 
interval syndromes, 612 
esmolol effects (abstract) 217, 238 
ischemia 
isoflurane anesthesia effects on 570 
obstruction of aortocoronary bypass 
graft causing 933 
subarachnoid hemorrhage and ECG 
changes simulating 86 
verapamil for nitroglycerin-refractory, 
intraoperative 68 
halothane effects 1149 
isoproterenol effects 305 
myocardial function 
(abstract) 297, 303 
B-adrenergic blockade effect 327 
bupivacaine electrophysiologic and 
hemodynamic effects on 388 
pancuronium effects 693 
verapamil effects 
(abstract) 198 
in pregnancy 7 
intraoperative use, for myocardial 
ischemia 68 
Heparin, see Blood, coagulation 
Hepatitis, see Liver 
Hepatoroxicity, see Liver 
Histamine 
trimethaphan-induced hypotension and 
blood leveis of (abstract) 218 
Hormones 
halothane and enflurane effects on, 
with hypertension 136 
insulin, enflurane effects on secretion 
rates of 18 
somatostatin, for postoperative pain 
1085 
Hydroxyzine, see Hypnotics 
Hypertension, see Blood pressure 
Hyperthermia 
malignant 
(abstract) 300, 301 
dantrolene therapy for 601 
etomidate induction with 420 
incidence of, in Denmark 700 
mass spectroscopy detection and 
monitoring of 837 
vecuronium effects on 515 
verapamil as therapeutic adjunct for 
601 
Hypnotics 
barbiturates 
methohexital 
sedation of children for CT scan 643 
termination of pregnancy with 792 


» 


Hypnotics—continued 
benzodiazepines 
diazepam, autonomic tone 
deprivation and effects of 1053 
lorazepam 
aminophylline as antagonist of 834 
hemodynamic effects (abstract) 228 
midazolam 
(abstract) 186, 224, 272 
ethanol interactions and reversal of 
129 
(letter) 1223 
termination of pregnancy with 792 
hydroxyzine, potentiation of 
metoclopramide effects with (letter) 
127 : 
Hypobaria 
altitude, in closed circuit anesthetic 
techniques (letter) 843 
Hypocarbia, see Carbon dioxide 
Hypotension, see 
Blood pressure 
Position 
Shock 
Hypothermia 
anesthetic, temperature and ventilation 
after 816 
Hypoxia 
hepatotoxicity with halothane and 
enflurane 955 
postoperative, pulse oximetry 
measurement of 1108 
Induction 
anesthesia 
circulatory shunts and 101 
etomidate 
malignant hyperthermia and 420 
thiopental vs 871 
fentanyl 48 
fluosol effect 405 
halothane vs enflurane for 77 
intracranial hypertension arid 143 
ketamine dose-response curves for 
795 
midazolam dose-response curves for 
795 
Infections 
croup in children 621 
epiglottitis in children 621 
herpes virus, hepatic necrosis from 1131 
tetanus, dantrolene use in 538 
Insulin, see Hormones 
Interactions (drug) 
caffeine~morphine 851 
midazolam-—ethanol 129 
vecuronium—d-tubocurarine 711 
Intracranial pressure, see Brain 
Intraocular pressure, see Eye 
Intravenous anesthesia, see 
Anesthetic techniques 
Anesthetics, intravenous 
Intubation, tracheal 
atomizer modification for nasal 
administration of drugs with 739 
blind (letter) 651 


+ 


lidocaine as suppressant of coughing 
during 1189 
neck movement affecting endotracheal 
tube position (letter) 1030 
translaryngeal guided (letter) 650 
Ions 
calcium 
(abstract) 203 
cardiac and peripheral vascular 
actions of 432 
heparin- and protamine-induced 
hypotension and 1081 
magnesium 
(abstract) 202 
vecuronium interaction 1220 
potassium 
{abstract} 189, 192, 193 
succinylcholine-induced increases in 
1202 
Isoflurane, see Anesthetics, volatile 
Isoproterenol, see Heart 
Ketamine, see 
Anesthetics, intravenous 
Induction, anesthesia 
Pharmacology 
Kidney 
transplantation, morphine kinetics in 
1065 
Labor, see Anesthesia, obstetric 
Larynx 
edema, with croup and epiglotittis 621 
spasm, lidocaine prevention after 
extubation 1193 
Laser, see Surgery, otolaryngologic 
Lidocaine, see 
Anesthetics, intravenous 
Anesthetics, local 
Lithotripsy, see Surgery, urologic 
Liver l 
adenylate cyclase of, halothane effect 
on 531 
biliary tract, narcotics and (letter) 379 
cirrhosis, volatile anesthetics or fentanyl 
effects on 1183 
hepatitis 
enflurane, nitrous oxide—narcotic, 
and spinal anesthesia with 487 
epidemiology of, in anesthesia 
residents 672 
isoflurane anesthesia with (letter) 
458 
hepatotoxicity 
halothane causing 465 
enflurane vs 955 
sex differences 563 
necrosis, from herpes virus 1131 
transplantation 
anesthesia for 108, 117 
blood coagulation changes and 
thromboelastographic monitoring 
during 888 
orthotopic pediatric 117 
Local anesthetics, see Anesthetics, local 
Lorazepam, see Hypnotics, 
benzodiazepines 


SUBJECT INDEX 
Lung 
aspiration 
(abstract) 244 
gastric pH and volume in age-related 
risk of 11 


asthma, low-pressure chamber and 
oxygen treatment of 551 
atelectasis, with one-lung ventilation 
946 
blood flow 
fentanyl effect on stress response in 
pulmonary circulation 1137 
in one-lung ventilation 821, 946 
edema, high-frequency oscillatory 
ventilation and 1041 
hemorrhage, ventilatory management of 
742 
pneumothorax, from adhesive plastic 
drape (letter) 462 
pulmonary artery 
catheterization (letter) 844 
pressure in venous air embolism 
detection 688 
shunting, with one-lung ventilation 946 
tracheoesophageal fistula, repair of 748 
water content, extravascular 
(abstract) 243 
colloid and crystalloid solution effects 
on, after surgery 753 
high-frequency oscillatory ventilation 
and 1041 
resuscitation after shock and 323 
MAC, see Potency, anesthetic 
MAO inhibitors, see Ataractics 
Magnesium, see Ions 
Malignant hyperthermia, see 
Hyperthermia 
Measurement techniques 
blood pressure 
{abstract) 206 
during internal mammary artery 
dissection 1134 
carbon dioxide 
absorbers 541 
malignant hyperthermia detection via 
837 
venous air embolism detection via 688 
cardiac output (letter) 652 
high-performance liquid 
chromatography, for atracurium 
determination 58 
mass spectroscopy, for malignant 
hyperthermia detection and 
monitoring 837 
oximetry, pulse 
(abstract) 292 
patient transfer to recovery room 
with 1108 
pulmonary artery surgery with 376 
oxygen 
on-line conjunctival tension, as guide 
to cerebral oxygenation 63 
transcutaneous (abstract) 200, 294 
sympathetic activity measurement 415 
skin blood flow measurement (letter) 179 


SUBJECT INDEX 


Memory 
intraoperative 1143 
Meperidine, see Analgesics 
Metabolism 
adenosine monophosphate, enflurane 
effects on 18 
glucose, during surgery (letter) 558 
Methionine synthetase, see Enzymes 
Methohexital, see 
Anesthetics, intravenous 
Hypnotics, barbiturates 
Methoxyflurane, see Anesthetics, volatile 
Metocurine, see Neuromuscular relaxants 
Midazolam, see 
Anesthetics, intravenous 
Hypnotics, benzodiazepines 
Induction, anesthesia 
Moebius syndrome, see Complications 
Monitoring, 
blood pressure 
(abstract) 247 
cardiovascular anesthesia 1134 
EEG (letter) 646 
end-tidal gases, for venous air 
embolism detection 688 
pH, intravascular, with fiberoptic 
sensor 731 
Morphine, see 
Analgesics 
Anesthetics, intravenous 
Myoclonus, see Complications 
Myotonic dystrophy, see Complications 
Nalbuphine, see Analgesics 
Naloxone, see Antagonists, narcotics 
Neonate, see 
Anesthesia, obstetric 
Anesthesia, pediatric 
Neostigmine, see Antagonists, 
neuromuscular relaxants 
Nerve 
peripheral, analgesic effects on 667 
stimulator 1217 
(abstract) 256 
Neuromuscular relaxants 
atracurium 
coronary artery disease and 
pharmacology of (abstract) 191 
degradation of, in plasma (abstract) 
289 
edrophonium and neostigmine 
antagonism of 867 
enzymatic hydrolysis of (abstract) 261 
halothane MAC with (abstract) 282 
hemodynamic effects of, during 
sufentanil anesthesia (abstract) 295 
high-performance liquid 
chromatography determination of 
58 
inactivation of, in plasma 1047 
infusion requirements during 
halothane, isoflurane, and 
narcotic anesthesia 471 
intracranial pressure after 1113 
(abstract) 247, 257 
in neurosurgical patients 1113 


laudanosine as metabolite of 
(abstract) 232 
myotonic dystrophy and 369 
neuromuscular and circulatory 
responses with fentanyl (abstract) 
284 
pancuronium combined with 
(abstract) 259 
pharmacodynamics and 
pharmacokinetics (abstract) 207 
pheochromocytoma and 547 
succinylcholine-induced fasciculations 
and postoperative myalgia with 
1010 i 
receptor kinetics of 777 
respiratory effects of (abstract) 226 
single twitch and train-of-four 
responses (abstract) 187 
single vs divided doses of (abstract) 
298 
BW B1090U (abstract) 278 
cost of (letter) 943 
dantrolene 
for malignant hyperthermia 601 
for severe tetanus 538 
metocurine 
(abstract) 252 
decreased sensitivity to, with upper 
motoneuron disease 767 
neurosurgical patients for studies of 
(letter) 846 
pharmacokinetics and 
pharmacodynamics of, in elderly 23 
monitoring of (abstract) 225 
non-depolarizing, hemodynamic 
comparison of, (abstract) 287 
pancuronium 
(abstract) 252, 259 
anaphylactoid reaction to (letter) 944 
cardiac electrophysiologic effects of 
693 
fasciculations with (letter) 557 
fentanyl anesthesia induction with 48 
resistance to, in adult respiratory 
distress syndrome 1126 
response differences in hemiplegic 
patients 864 
sufentanil anesthesia with (abstract) 
295 
verapamil potentiation of 
neuromuscular blockade by 1021 
succinylcholine 
(abstract) 188, 265 
fasciculations induced by, atracurium 
for 1010 
neostigmine antagonism of 773 
requirements for stable mechanical 
effect 319 
verapamil effect on potassium 
increases induced by 1202 
d-tubocurarine 
neurosurgical patients for studies of 
(letter) 846 
pharmacokinetics and 
pharmacodynamics of, in elderly 23 
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sensitivity of limb muscles to 1178 
vecuronium combination with 711 
verapamil potentiation of 
neuromuscular blockade by 1021 
vecuronium 
(abstract) 187, 212, 295 
infusion dose requirements during 
fentanyl and halothane 
anesthesia 411 
magnesium sulfate interaction with 
1220 
malignant hyperthermia and 515 
requirements for stable mechanical 
effect 319 
tubocurarine combination with 711 
Neuromuscular transmission 
verapamil and EGTA effects on 505 
Nifedipine, see Pharmacology 
Nitroglycerin, see 
Anesthetic techniques, hypotensive 
Pharmacology 
Nitroprusside, see Anesthetic techniques, 
hypotensive 
Nitrous oxide, see Anesthetics, gases 
Obituary 
Griffith, Harold R. 945 
Opioids, see 
Analgesics 
Anesthetics, intravenous 
Oximetry, see Measurement techniques 
Oxygen measurements 
on-line conjunctival, as guide to 
cerebral oxygenation 63 
postoperative blood levels of, 
measurement of 1108 
Pain 
postoperative 
ciramadol for, morphine and placebo 
comparison 1101 
ketamine for, epidural 1161 
lidocaine for, intravenous continuous 
low-dose 971 
morphine for, epidural 786 
somatostatin effect on, epidural 
1085 
Pancuronium, see Neuromuscular 
relaxants 
Paraplegia, see Complications 
Pediatrics, see Anesthesia, pediatric 
PEEP, see Ventilation, positive end- 
expiratory pressure 
Peptides, see Polypeptides 
Peridural, see Anesthetic techniques, 
epidural 
pH, see 
Acid—base equilibrium 
Carbon dioxide 
Gastrointestinal tract, antacids 
Pharmacodynamics 
metocurine and tubocurarine in elderly 
ZS 
Pharmacokinetics 
aminophylline, anesthetic effects on 
(letter) 460 
circulatory shunt éffects 101 
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Pharmacokinetics—contimued 
fentanyl, in preterm infants during 
cardiac surgery 1078 
halothane 1171 
inhalation anesthetics (abstract) 197 
isoflurane 1171 
metocurine, in elderly 23 


morphine, in kidney transplantation 1065 


tubocurarine in elderly 23 
Pharmacology 
aminophylline 
fentanyl anesthesia antagonism 
(letter) 1034 
lorazepam antagonism 834 
cimetidine, sinus arrest associated with 
453, 554 
diltiazem 
(abstract) 291 
antiarrhythmic effect during 
halothane anesthesia 964 
intracranial pressure during 
hypotension induced by 1001 
fluerocarbons, fluosol, in inhalation 
anesthesia induction 405 
ketamine, priapism treatment with 
(letter) 1033 
nifedipine (abstract) 222 
nitroglycerin, dose-related prolongation 
of bleeding time with 30 
protamine 348 
vecuronium and magnesium sulfate 
interaction 1220 
verapamil 
(abstract) 216, 248 
as dantrolene adjunct for malignant 
hyperthermia 601 
neuromuscular blockade potentiation 
with 1021 
phrenic nerve-hemidiaphragm 
preparation with 505 
uterine blood flow and maternal 
cardiovascular function 7 
Pheochromocytoma, see Neuromuscular 
relaxants, atracurium 
Pituitary, see 
Brain 
Surgerv, neurologic 
Pneumothorax, see Lung 
Polypeptides 
B-endorphin 
(abstract) 210 
central serotonin depletion effect on 
1163 
cerebrospinal fluid clearance of 
(etter) 180 
halothane and fentanyl anesthesia 
effects on 677 
renin-angiotensin 
central serotonin depletion effect on 
1163 
in halothane and enflurane responses 
with hypertension 136 
Position 
endotracheal tube, neck movement 


effects on (letter) 1030 
hemodynamic effects (abstract) 194 
Potassium, see lons 
Potency, anesthetic 
MAC 
halothene 
in isoflurane comparison 381 
in morphine—alfentanil comparison 
807 
MAPP vs (letter) 646 
Pregnancy 
abortion 
hospitalization for, among Swedish 
nurses working in operating rooms 
981 
midazelam vs methohexital for 
792 
Priapism, see Complications 
Proglumide, see Antagonists, 
miscellaneous 
Protamine, see Blood, coagulation 
Pseudochoiinesterase, see Enzymes 
Psychologie tests 
postanesthetic (letter) 182 
Publications 
anesthesia journals, statistical methods 
in 607 
Pulmonary, see Lung 
Records 
anesthesia, computerized system for 
425 
Recovery 
psychomotor tests (letter) 182 
Renin, see Polypeptides 
Research 
B. B. Sankey Anesthesia Advancement 
Award 657 
Risk 
sensitive measures of outcome and 
(letter: 751 
Serotonin, see Brain 
Shivering, see Complications 
Shock 
resuscitation after, extravascular lung 
water with 323 
Shoulder block, see Anesthetic 
techniques, regional 
Shunt, see 
Anesthesia, cardiovascular 
Lung 
Heart 
Oxygen 
Surgery, neurologic 
Ventilation 
Skin 
blood flew, measurements of (letter) 
179 
Solubility 
fluosol, partition coefficients in 405 
temperature and age effects on 
anestkestics in blood 640 
volatile anesthetic, in ovine tissues 
1097 
Somatostatin, see Hormones 
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Spinal anesthesia, see Anesthetic 
techniques, spinal 
Spinal cord 
blood flow (abstract) 240 
Statistics 
common sense in (letter) 1035 
computerized system for anesthetic 
record retrieval 425 
descriptive and correlative 561 
methods, evaluation of 670 
p valves and (letter) 559 
Stethoscope, see Equipment 
Stomach, see Gastrointestinal tract 
Stroke, see Brain 
Subarachnoid hemorrhage, see 
Complications 
Succinylcholine, see Neuromuscular 
relaxants 
Sufentanil, see Anesthetics, intravenous 
Surgery 
cardiovascular 
(abstract) 283 
aortocoronary bypass graft 
obstruction by intraoperative 
positioning 933 
bronchial hemorrhage with 742 
colloid and crystalloid solution effects 
after 753 
hypothermic, temperature and 
ventilation after 816 
pulse oximetry during 376 
verapamil for myocardial ischemia 
during 68 
endarterectomy (abstract) 195 
neurologic 
chymopapain anaphylaxis 1197 
muscle relaxant studies during (letter) 
846 
subarachnoid hemorrhage and ECG 
changes of myocardial ischemia 
with 86 
orthopedic 
posterior spinal fusion for 
kyphoscoliosis 83 
shoulder reconstruction, regional 
anesthesia for 373 
otolaryngologic, laser (letter) 1037 
replantation 
knowledge and clinical competency 
skills (letter) 90 
one-lung ventilation in 821, 946 
urologic 
extracorporeal shock wave lithotripsy 
544 
nephrolithotomy 840 
transurethral prostatectomy 1071 
Sympathetic nervous system 
B-adrenergic receptors 
antagonists at 327 
blockade assessment during 
anesthesia 305 
catecholamines 
central serotonin depletion effect on 
1163 
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in halothane and enflurane responses 
with hypertension 136 
morphine and fentanyl infusion 
effects on, during surgery 509 
complete blockade of, signs of 415 
epinephrine 
hemodynamic and plasma 
catecholamine responses to 924 
esmolol, cardiovascular effects 327 
halothane effects 1 
Temperature 
body 
(abstract) 267 
after cardiovascular anesthesia 816 
postoperative (abstract) 213 
volatile anesthetic solubility effects of 
640 
Tetanus, see 
Infections 
Neuromuscular relaxants 
Theophylline, see Pharmacology, 
aminophylline 
Thiopental, see Anesthetics, intravenous 
Toxicity 
ammonia 1071 
benzy! alcohol (letter) 559 








bupivacaine 911 
glycine, in transurethral resection 
syndrome 1071 
halothane, enflurane, and 
methoxyflurane comparison 
1005 
local anesthetic 1089 
(abstract) 204 
(letter) 844 
protamine 348 
(letter) 1033 
trace anesthetic concentrations as cause 
981 
Transcutaneous, see 
Measurement techniques 
Nerve, stimulator 
Transfusion 
plasma, fresh frozen 849 
Transplantation, see specific organs 


Trimethaphan, see Anesthetic techniques, 


hypotensive 
Tubocurarine, see Neuromuscular 
relaxants 
Uterus 
blood flow, verapamil effects on 7 
Valves, see Equipment 
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Vaporizers, see Equipment 
Vecuronium, see Neuromuscular 
relaxants 
Veins 
cannulation 
arrhythmias during 1214 
guide wire complication during 
(letter) 460 
venipuncture, counter-irritation 
techniques during (letter) 379 
Ventilation ` 
artificial, high-frequency 1041 
one-lung 821 
isoflurane and halothane anesthesia 
with 946 
optimization of oxygenation during 
(letter) 1036 
single unit device for, with one 
anesthesia machine 1017 
positive end-expiratory pressure 
{abstract} 201 
Ventilators, see Equipment 
Verapamil, see 
Heart 
Pharmacology 
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wise New Ohmeda Biox 3700 Pulse Oximeter. 
Because hypoxemia is an SaO, problem. 


Why oximetry. 

A drop in arterial blood 
oxygenation (SaO,) calls for 
quick and effective action. 
Especially in anesthesia, where 
oxygen starvation can jeopardize 
your patient's safety. Only 
oximetry provides the means for 
direct and efficient monitoring of 
SaO,—giving you the crucial 
time needed to prevent clinical 
complications. 


Ohmeda 


Why Ohmeda. 


Now, the Ohmeda Biox 3700 
Pulse Oximeter helps you in the 
prompt detection of hypoxemia. 
Continuous, reliable and 
non-invasive, only the 3700 
shows you a plethysmographic 
waveform—plus SaO; trending 
of the past 20 or 60 minutes. Both 
visual and audible indicators 
continuously inform you of your 
patient's SaO, condition as you 


work. The 3700 has a battery 
backup, for easy transport and 
emergency power support. And 
its three types of probes make 
the 3700 ideally suited for any 
patient. 


So, prevent minor procedures 
from becoming major hypoxic 
crises. Rely on the Ohmeda Biox 
3700. It’s the confident response 
to the critical demands of 


anesthesia. 





Ohmeda 

4765 Walnut Street , 
Boulder, Colorado 80301 
A Division of The BOC Group, Inc. 


BOC Health Care 


1 800 652 2469 
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Introducing STRAPEZE” 





While others slip and slide all over the place, 
we ve made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient’s airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 
Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam II®, a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambs-wool. 


So easy to apply 


The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and,security to endotracheal 
tube placement. And there’s nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient’s 
neck, loop around tube and fasten with 
the Velcro tab back onto the strap's 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it won't 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 


product from 

ProTechPacific 
STRAPEZE was designed to answer 
the demanding needs of today’s medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
example of ProTech Pacific’s ongoing 
commitment to your profession. 
STRAPEZE. New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


E » 1221 Andersen Drive 
San Rafael, California 94901 
a ad Call Toll Free: 800/227-0517 


In Calif. 415/459-0745 


e 
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UNIQUE METABOLISM 





PROVIDES BETTER PREDICTABILITY, 





ALLOWING BETTER CONTROL 





DUAL PATHWAYS 


ESTER HYDROLYSIS 





Catalyzed by 
nonspecific 
esterases 
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HOFMANN ELIMINATION 







At normal body 
temperature (37°C) 
and pH (7.4) 
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O Tracrium* Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


0 Hofmann elimination—a nonenzymatic process that 
occurs at physiologic temperature and pH 


2] Ester hydrolysis—catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required 


These attributes make Tracrium a more flexible sur- 


gical muscle relaxant—it may be tailored to a wide 
variety of surgical cases. 


“Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion.”? 


“At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH." 


Convenient and Ready to Use 
Tracrium is easily administered—requires 
no premixing. 





_ Few Cardiovascular Effects 
at Recommended Dosages 


C Tracrium* (atracurium besylate) produces virtually 
no Clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 

_ levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 


Cardiovascular effects of atracurium 











Dosage Mean Blood Pressure (% control) N Dosage Mean Heart Rate (% control) 
(mg/kg) Values + SD (mg/kg) Values + SD 








Adapted from Basta et al.3 
No Cumulative Effects Upon Minimal Histamine Release 
Recovery. After Multiple Doses O Tracrium is a less potent histamine releaser than 
K d-tubocurarine or metocurine 
: O Clinically significant histamine release occurs well 

veka arr E mg t ae of a ium, admi : : 7 within the clinical dosage range (at EDos) for curare, 
prahe eae a S or recovery, Nave no cumulative at the upper limits of the clinical dosage range 

covery time (at 2 x EDgs) for metocurine and outside the clinical 

; 4 
= O Once recovery begins, it is relatively rapid and dosage range (at 3 x EDgs) for atracurium 

independent of dose C The lack of hemodynamic changes due to 


Tracrium suggests minimal histamine release 


C This means that you do not have to calculate pro- 
ressivel sm al l er doses f or repeat admi ni Str ation ,an d Please see brief summary of prescribing information on the following page. 
that recovery is more consistent and predictable 


REFERENCES: 


“On e p atient recei ved 12 successi ve doses of 1, Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: Anew 
atracurium after recovering completely from the initial intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
o o z 2. Katz RL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
dose, yet the 25%-75% recovery times were 10.0 and Anesth Analg 1982; 61:730-734. 
i 1 ; ; i 3. Basta SJ, Ali HH, S JJ, et al: Clinical ph ol fat ium besylat 
12.2 min, respectively. This may indicate that (BW 33A): A new non-depolarizing muscle relaxant. Anesth Analg 1982: 61:723-729. 
atracurium is not cumulative. ..."7 4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 


besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 1982;57:A261. 


TRACGRIUM INJECTION 


Copr. °1984 Burroughs Wellcome Co. All rights reserved. 
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ADVERSE REACTIONS: Tracrium produced few adverse reactions during extensive 

















` > clinical trials, most of which were suggestive of histamine release (see PRECAUTIONS 


section). The overall incidence of clinically important adverse reactions was 7/875 oF 0.8%. 


E Approximately. ‘one million: patients received Tractium during the first year following 


introduction to the U.S. market in December, 1983. Spontaneously reported adverse 
reactions were uncommon (approximately 0.02%). The following adverse reactions are 
among those most frequently reported, but there are insufficient data to support an 


estimate of their incidence: 


Musculoskeletal: inadequate block, prolonged block 
Cardiovascular: Hypotension, vasodilatation (flushing), i dil bradycardia 


Respiratory: Dyspnea, bronchospasm, laryngospasm | 


integumentary: Rash, urticaria, reaction at injection site 


You'll get the latest facts on 
TRACRIUM* INJECTION 
(atracurium besylate) 


DOSAGE AND ADMINISTRATION: Tracrium should be administered intravenously 
DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. - 


A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous bolus. injection, is the 
recommended initial dose for most patients. With this dose, good of excellent conditions 
for noOnemergency intubation can be expected in 2 to 2.5 minutes in most patients, 
with maximum neuromuscular blockade achieved approximately 3 to 5 minutes after 
injection. Clinically acceptable neuromuscular blockade under balanced anesthesia 
generally lasts 20 to 35 minutes; recovery to 25% of contral 
is achieved abr 35 to 45 minutes after injection, 
and recovery is usually 95% complete approximately 60 
minutes after injection. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg is recommended 
following the use of succinylcholine for intubation under 
balanced anesthesia. 


Tracrium is potentiated by isoflurane or enflurane 





Teun maha pound eft ingles 2 a MO kotra be aea fr munbaion pr to e ea 
“ton diseases or in patente wi with severe The New York State of these inhalation agents; however, if Tracrium is first 
envoie dsr orcarcronats, Society of Anesthesiologists —snmstred under say sate ot suave or enttrane, 
PGA in Anesthesiology one-third, ie.. to 0.25 to 0.35 mg/kg: with halothane, 
which has only a marginal (approximately 20%) potentiating 
New York, NY effect on Tracrium, smaller dosage reductions may be 
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considered, 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended 
for maintenance of neuromuscular blockade. during. 
prolonged surgical procedures. The first maintenance. dose 
will generally be required 20 to 45 minutes after the initial 
Tracrium injection, but the need for maintenance doses should be determined by clinical 
criteria. Maintenance doses may be administered at relatively regular intervals for each 
patient, tat approximately from 15 to 25 minutes under balanced anesthesia, 
slightly longer under isoflurane or enflurane. 


An initial Tracrium dose of 0.3 to 0.4 mg/ kg, given slowly or in divided doses over one — 
minute, is recommended for patients with significant cardiovascular disease and tor 
patients with any history (e.g., severe anaphylactoid reactions or asthma} suggesting a 
greater risk of histamine release. 


Dosage reductions must be considered also in patients with neuromuscular disease, 
severe electrolyte disorders, or carcinomatosis in which potentiation of neuromuscular 
blockade or difficulties with reversal have been demonstrated, 


No Tracrium. dosage adjustments are required for patients with renal disease or for 
pediatric patients two years of age or older. in pediatric patients, maintenance doses 
may be required with slightly greater frequency than in adults. 


HOW SUPPLIED: Tractium injection, 10 mg atracurium besylate in each mi. Ampuls 


U.S. Patent No. 4179507 


of & mi (50 mg atracurium besylate per ampul). Box of 10 ampuls iNDC- ‘0081-0940-10). 
10 mi Multiple Dose Vial (100 mg atracurium besylate. per vial}, The: multiple dose vial 


contains 0.9% benzyl alcohol added as a preservative, Box of 10 ME -0940-95). 


Store under refrigeration at 2° to 8°C (36° to 46°F}; DO NOT. FREEZE. 
| Printed in USA. 
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Introducing the Servo Anesthesia System 
The advanced anesthesia system 
for pediatri 









c and adult patients. 


Can SS. 


R AS E Now there's one highly versatile anesthesia system 
i designed for routine and critical care cases involving 
pediatric as well as adult patients. It’s the new Servo 
me Anesthesia System from Siemens. Compact and 

į modular in design, the system is human-engineered 
for ease of operation and highly accurate 


control...plus maximum safety. 


New versatility and creeped inthe OR 
The system utilizes our Servo Ventilator, offering the 
most advanced technology available for both 
volume-controlled and pressure-supported 
anesthesia applications. A new ventilation mode, 
pressure support, enables patients to breathe 
spontaneously with the assistance of a pre- 
determined pressure. The system continuously 
monitors all important functions and provides 
instantaneous readings and audible/visual alarms. 


| Advanced monitoring interface 

The Servo Anesthesia System interfaces with a 
broad range of exclusive, innovative monitoring 
systems, including the CO2 Analyzer 930, the Lung 
Mechanics Calculator 940 and the Sirecust 404. 


New ease of maintenance 

You’re assured of quality performance with a 
minimum of maintenance. The system requires only 
minimal servicing; the costs are extraordinarily low. 
And best of all, most maintenance is easily per- 
formed right on site by members of your own staff. 
No costly off-site service! 


And you're further assured of immediate 
professional assistance, if necessary, from your 
Siemens sales and service representatives. It’s all 








part of the Siemens commitment to superior 4 
products and systems for healthcare 7 
professionals and their patients. Pa 
For further information, contact S 
Siemens-Elema Ventilator Systems, 7 
2360 No. Palmer Dr., Schaumburg, 7 
Illinois 60195—(312) 397-5975, or 7 se 
| Call toll-free 1-800-323-1281. 4 SS 
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24th CLINICAL CONFERENCE 
IN PEDIATRIC ANESTHESIOLOGY 


JANUARY 24, 25, & 26, 1986 


To Be Held At The: 
Los Angeles Marriott Hotel 
For Information Write To: 


Wayne Herbert, M.D. 
Program Director 
Pediatric Anesthesiology 
Foundation 

Childrens Hospital of 
Los Angeles 

P.O. Box 54700 

Los Angeles, CA 90054 











Learn all YOU need to know about EEG 
monitoring and interpretation techniques. 


EEG MONITORING 
IN ANESTHESIA 
AND CRITICAL CARE 
State of the Art: 1986 


Betty L. Grundy, M.D. Course Director 














March 14-16, 1986 
Caesars Palace 


Las Vegas, Nevada 
womediately precedes the annual meeting of 


the international Anesthesia Research Society 
A distinguished faculty will outline the indications for EEG monitoring 
and present the state of the art in monitoring techniques and interpreta- 
tion. Participants will be intraduced to most of the commercially available 
EEG monitoring instruments in smal] group sessions, and will compare several 
EEG processing devices with traditional strip-chart EEGs simultaneously 
recorded in volunteer subjects. 
Physicians completing this course will have the information needed to 
decide if, when, and how the EEG should be monitored in their operating room 
and critical care unit. 


FACULTY: 










Ira J, Rampil, M.D, 
Fred Bauman, R. Eeg F. Lawrence $. Saidman, M.D. 
darren Levy, M.D. James C. Scatt, M.D, 
Judy Mackey-Hargadine, M.D. Frank W., Sharbrough, M.D. 
donn T, Martin, M.D. Stephen Slogoff, M.D. 
RR rR CS Sp aa kek A YE AT 
Course Tuition: 
$300.09 for ali registrants before February 14, 1986; 3350.00 afterwards. 
Enrolment is limited. Cancellation of registration by written notification 
only prior to February 21, 1986. There is a $40,900 cancellation fee, 














Send check payable te the Anesthesiology Alumni Association of Florida, 
Inc., in care of: 

Mrs. Carolyn Scnoenay 

Executive Secretary 

P.O. Box 13417 

Gainesville, FL 32604 

(904) 392-4616 


AMA Physician's Recognition Award--Credit 17 hours 
Sponeocred by the Anesthesiology Alumni Aeeociation of Florida, inc. 
Co-sponsored by jhe international Anesthesia Research Society 


428 
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Classified Advertising 





ANESTHESIOLOGY FELLOW 

Two openings for a 6-month obstetrical 
anesthesia fellowship, one beginning Oc- 
tober 1986 and the other, January 1987. Pro- 
gram includes a total of 6 months in the 
Departments of Anesthesiology at UCI 
Medical Center and Memorial Hospital 
Medical Center, Long Beach. Both are Level 
3 Perinatal Centers with 4000 deliveries per 
year. There is opportunity to take part in 
clinical research and teaching of medical 
students. Applicants must be eligible for 
California state licensure. Inquiries from all 
qualified applicants are welcome. Contact 
Ho Joon Choi, Mp, Director of Obstetric 
Anesthesia, University of California, Irvine 
Medical Center, 81A, Orange, CA 92668. 





ANESTHESIOLOGISTS 

BC/BE to join progressive group of MDs and 
CRNAs encompassing all specialties in at- 
tractive Gulf Coast community. Excellent 
quality of life, friendly city with four-year 
colleges and abundant opportunities for 
sailing, fishing, water sports, and hunting. 
Candidates must be well-trained, enthu- 
siastic, and personable. Experienced anes- 
thesiologists and/or recent graduates are 
encouraged to apply. Please send CV with 
reply to Box K22, % Anesthesia & Analgesia, 
Desk Editorial, 52 Vanderbilt Avenue, New 
York, New York 10017. 


PEDIATRIC ANESTHESIOLOGIST 

Seeking BC/BE pediatric anesthesiologist 
with fellowship training in pediatric anes- 
thesia and intensive care. Duties will in- 
clude resident instruction and operating 
room supervision. May include intensive care 
staffing for qualified individuals. Training 
and experience in pediatric cardiac, sco- 
liosis, and craniofacial anesthesia desirable. 
New 220-bed children’s hospital within the 
Washington University Medical Center, with 
a rapidly expanding surgical load. Oppor- 
tunities available for clinical research and 
collaborative basic science investigation. 
Please send CV and references to John E. 
Forestner, MD, Director of Anesthesiology/ 
Critical Care, St. Louis Children’s Hospital, 
PO Box 14871, St. Louis, MO 63178. We are 
an equal opportunity/affirmative action 
employer. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Unique approach to development of test- 
taking skills, including mock orals. Basic 
science emphasis. Include phone number 
in response. Reply to Box K23, % Anesthesia 
and Analgesia, Desk Editorial, 52 Vanderbilt 
Avenue, New York, NY 10017. 


NEUROANESTHESIOLOGIST 

The Department of Anesthesiology/CCM at 
the University Health Center of Pittsburgh 
seeks a director of neuroanesthesia. Role 
includes excellent potential for clinical and 
basic research and collaboration with crea- 
tive and sane neurosurgeons. Applicants 
must be board certified and have conse- 
quential neuroanesthesia experience. An 
equal opportunity/affirmative action em- 
ployer. Send credentials to Peter M. Winter, 
MD, University Health Center of Pittsburgh, 
1385 Scaife Hall, Pittsburgh, PA 15261 (412) 
624-2955. 


SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All types of surgery 
except open heart. Opening immediately. 
Excellent compensation and future for right 
person. Response confidential. Pittsburgh 
area. Submit CV to Box L26, % Anesthesia 
and Analgesia, Desk Editorial, Elsevier Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


THE DEPARTMENT OF ANESTHESIOLOGY, 
ORAL ROBERTS UNIVERSITY SCHOOL OF 
MEDICINE 

currently has openings for Assistant/Asso- 
ciate Professor with interests in teaching, 
clinical practice and research. Excellent op- 
portunity for board eligible/board certified 
physician in an institution dedicated to phi- 
losophy of Whole Person Medicine. Rank 
and salary commensurate with qualifica- 
tions and negotiable. The City of Faith Med- 
ical and Research Center is a Christian min- 
istry that employs without regard to race, 
color, sex, age, handicap, national origin or 
status as a veteran. Send CV and names of 
three references to James Mayhew, MD, 
Chairman, Department of Anesthesiology, 
Oral Roberts University School of Medicine, 
City of Faith Medical & Research Center, 
8181 South Lewis, Tulsa, OK 74137-1270. 


“ANESTHESIA, YOUR BABY, AND YOU” 
This obstetric anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact APPCOR PRO- 
DUCTIONS, 3652 Carleton St, San Diego, 
CA 92106. 


ANESTHESIOLOGIST-—-PHOENIX, ARIZONA 


AREA 
JCAH Hospital Accreditation—no obstet- 
rics. Board certification highly desirable. 
Unique group practice offers very early 
ership. Available now! Send CV to Box 
K24, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 


ANESTHESIOLOGIST 

Head of the Department of Pediatric Anes- 
thesiology, The Children’s Hospital of Buf- 
falo, University at Buffalo, State University 
of New York. We are seeking aiperson who 
is able to give professional and administra- 
tive leadership of highest quality to a de- 
partment with programs of patient care, 
teaching, and research. Board certified 
anesthesiologist with special training in pe- 
diatric anesthesiology. Send curriculum vi- 
tae and bibliography to Donald R. Cooney, 
MD, Department of Pediatric Surgery, The 
Children’s Hospital of Buffalo, 219 Bryant 
Street, Buffalo, NY 14222. An equal oppor- 
tunity/affirmative action employer. 


PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 


ANESTHESIOLOGY RESIDENT 

Currently accepting applications for PGY-3 
anesthesiology resident to begin 1/86. Send 
CV to J. H. Eisele Jr, MD, Chairman, Anes- 
thesiology, UC Davis Medical Center, 2315 
Stockton Boulevard, Sacramento, CA 95817. 
An affirmative action/equal opportunity 
employer. 


CLASSIFIED ADS 
Anesthesia and Analgesia makes available das- 


meetings, postgrad 

Display space (minimum 14 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $.90 per word, min- 


imum twenty words; or $1.00 per ward for box 


52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
Hshing Co, Inc. 





ANESTHESIOLOGIST 

Diplomate American Board of Anesthesiol- 
ogy, American medical graduate, diplo- 
mate National Board of Medical Examiners. 
Seven years experience including academic/ 
university/private practice, to provide anes- 
thesia for all surgical procedures. Seek solo/ 
group/partnership arrangement. Fee-for- 
service or salary. Western United States 
preferred, other areas considered. Califor- 
nia license. Excellent references. Reply Box 
3723, Walnut Creek, CA 94598. 


FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists—CRNAs. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750, ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


ANESTHESIOLOGIST 

AMG, BE, passed part I ABA, completing 
cardiac fellowship June 1986. Seeking prac- 
tice in Southeastern city. Reply to Box L27, 
“% Anesthesia & Analgesia, Desk Editorial, El- 
sevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 


ANESTHESIOLOGIST 

Full-time faculty position at Assistant/As- 
sociate level in young department with em- 
phasis on teaching and research. Complete 
clinical services in one hospital. Prerequi- 
sites: fellowship year or equivalent training 
in subspecialty area; board eligibility; meet 
California license requirements; ability to 
write scholarly articles; and a genuine com- 
mitment to inquiry. Send curriculum vitae 
and names of three references to John H. Eisele 
Jr, MD, Anesthesiology Department, Uni- 
versity of California, Davis, Medical Center, 
2315 Stockton Boulevard, Sacramento, CA 
95817. Position open until filled but not later 
than February 28, 1986. We are an Equal 
Opportunity/Affirmative Action Employer. 


POSITION WANTED 

Anesthesiologist, BE, AMG, orals in 1986, 
excellent training, proficient in all phases of 
anesthesia practice. Seeking relocation with 
progressive group, any area. Reply to Box 
L28, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 


GEORGIA 

Fourth year postgraduate positions avail- 
able in the Department of Anesthesiology 
at the Medical College of Georgia in Au- 
gusta, GA. These positions reflect the De- 
partment’s interest in the developing cli- 
nician scientist in neurosurgical, cardio- 
thoracic, obstetric, and pediatric anesthesia 
and pain management. Education and ca- 
reer development are priorities. EOE/AAP. 
J-3243. Contact Dan C. Martin, MD, De- 
partment of Anesthesiology, Medical Col- 
lege of Georgia, Augusta, GA 30912. 


WORLDWIDE ANESTHESIA 

is an exciting organization of anesthesiol- 
ogists and CRNAs who specialize in relief 
services and provide qualified candidates 
for permanent positions throughout the US. 
To be included in our computerized data 
base or to recruit from the nation’s largest 
resources of anesthesia personnel, call or 
write Worldwide Anesthesia, Box 1547, 
Ukiah, CA 95482. Nationwide 1-800-327- 
8427. “Over a decade of placement 
experience.” 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


ANESTHESIOLOGIST 

Board certified anesthesiologist, 3-5 years 
experience for busy Midwest practice in 700- 
bed hospital. Send CV to Box H19, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


ANESTHESIOLOGIST 

Southern California Management Corpo- 
ration has opportunities—both entry and 
practice/management— for board eligible or 
certified anesthesiologists to serve hospitals 
under contract. Attractive income, benefits, 
and profit-sharing package. Reply to box 
L29, % Anesthesia and Analgesia, Desk Edi- 
torial, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 


UNIVERSITY OF MIAMI COMPREHENSIVE 
REVIEW COURSE IN ANESTHESIOLOGY MAY 
6—11, 1986 

Will be held at the James L. Knight Con- 
vention Center/Hyatt Regency, Miami, 
Florida. For more information contact 
Professional Seminars, PO Box 021318, 
Miami, FL 33101. Telephone 305-547-6411. 


RHODE ISLAND: CHIEF ANESTHESIOLOGIST 
Full time board-certified or board-eligible 
anesthesiologist needed to supervise anes- 
thesia program in the VA Medical Center, 
Providence, RI. This is a 329-bed general 
hospital with an active surgical program. 
This medical center is fully affiliated with 
the Program in Medicine of Brown Univer- 
sity. Providence is an attractive New Eng- 
land city only an hour from Boston and in 
close proximity to the famed resort area of 
Newport. Recreational opportunities abound 
here in the “Ocean State.” Send CV and 
three references to Benjamin T. Jackson, MD, 
Chief, Surgical Service (112), VA Medical 
Center, Davis Park, Providence, RI 02908. 
AN EQUAL OPPORTUNITY EMPLOYER. 


POSITION WANTED 

BE ANESTHESIOLOGIST 

Three years experience. NY and FL licenses. 
Available for immediate relocation. All of- 
fers considered. Reply to Box K25, % Anes- 
thesia and Analgesia, Desk Editorial, 52 Van- 
derbilt Avenue, New York, NY 10017. 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


FLORIDA 

Tampa Bay area. Anesthesiologist to join 
multispecialty group. Fee-for-service with 
first year guarantee. Reply with CV to Bran- 
don Surgical Group, 710 Oakfield Drive, 
Brandon, FL 33511. 


CALIFORNIA: ANESTHESIOLOGIST 
Full-time faculty position at Associate/Full 
Professor level in young department with 
emphasis on teaching and research. Com- 
plete clinical services in one hospital. Pre- 
requisites include board certified; meet Cal- 
ifornia license requirements; clinical expertise 
in neuro, pain and/or pediatrics; demon- 
strated ability as a research scientist; and 
ability to write scholarly articles. Send cur- 
riculum vitae, bibliography and names of five 
references to John H. Eisele Jr, MD, Anesthe- 
siology Department, University of Califor- 
nia, Davis, Medical Center, 2315 Stockton 
Boulevard, Sacramento, CA 95817. Position 
open until filled but not later than February 
28, 1986. We are an Equal Opportunity/Af- 
firmative Action Employer. 


ee 


ANESTHESIOLOGISTS 


St. Vincent Medical Center’s Anesthesia 
Department is expanding. We are seeking 2 board 
certified or board eligible anesthesiologists to join 
an 8 member BC/BE group with 15 CRNAs. 


You will need 3 to 5 years experience with all types of 
anesthesia and intra-operative monitoring techniques. 


St. Vincent is a 741-bed community teaching 
hospital with full surgical facitities, including 
neurological, open heart, retinal, vascular, 
obstetrical, plastic, as well as ambulatory 
outpatient surgery. 


Located in one of Ohio's newest cities, Toledo 
boasts of spectacular waterfront developments, 
an art museum, symphony, theater and zoo rated 
amoeng the top ten in the country, fine restaurants 
and shopping centers. In addition, year-round 
sports facilities are available along with spectator 
sports such as baseball and hockey. 


For immediate consideration, please send your 
C.V. and a cover letter to: Lynn Scott, Manager 
Recruitment Employment, 


N 
St. Vincent Medical Center 


2213 Cherry St. e Toledo, OH 43608 
An Equal Opportunity Employer 


ANESTHESIA 
STAFFING 
CRISIS 


CALL 1-800 FAST GAS (327-8427) 
24 HOUR HOT LINE 
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THE NATION'S LARGEST PROVIDER OF 
PROFESSIONAL ANESTHESIA PERSONNEL 


ANESTHESIOLOGISTS è CERTIFIED REGISTERED NURSE 


ANESTHETISTS « EMERGENCY AND SCHEDULED RELIEF + LOCUM 
TENENS * CONTRACT MANAGEMENT © PERMANENT RECRUITING + 


Worldwide Anesthesia Associates, Inc. 





P.O. Box 1547 © UKIAH, CALIFORNIA 95482 @ U.S.A. 
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CALIFORNIA 


Kern Medical Center, a UCLA affiliated teaching 
hospital located in Bakersfield, 105 miles north of 
Los Angeles, is recruiting a chairperson. Candi- 
dates must be Board Certified; have 5 years 
Clinical experience; have experience in organized 
medical staff departmental tasks; and be qualified 
for an appropriate academic appointment. 


KMC has 240 beds hospital: 16,000 annual ad- 
missions; 100,000 outpatient and 60,000 emer- 
gency visits; 3,600 obstetrical deliveries: and 
9,000 surgical cases in a variety of specialties 
including trauma. 


There is a competitive compensation package 
incorporating base salary, practice plan financial 
incentive, and outstanding benefits. 


Send letter of inquiry with Curriculum Vitae to: 


Donald A. Lackey, M.D. 
Medical Director 
Chairman, Search Committee 
Kern Medical Center 
1830 Flower Street 
Bakersfield, California 93305 


EQ/AA Employer 


ANESTHESIOLOGIST 


Board Certified/Eligible Anesthesiologist needed 
as Associate in Section of Anesthesia of 110 
member Multi-specialty Clinic which serves as a 
referral center for surrounding areas of North- 
eastern Pennsylvania and the Southern Tier of 
New York State. 


State of the art facility. Medical school teaching 
affiliation through surgical residency program 
provides a stimulating environment. Tertiary Care 
Center performing 6500 anesthetic procedures’ 
per year. Most types of surgery performed with 
emphasis on cardiovascular and neurosurgery. 


Area provides attractive living conditions with 
many summer and winter recreational activities 
readily available. Easy access to major metropol- 
itan areas. Excellent salary and fringe benefits. 
Respond with Curriculum Vitae to: 


G. V. Ippolito 

Assistant Vice President 
GUTHRIE CLINIC 

Sayre, PA 18840 

(717) 888-5858 








Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘“‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique “‘hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow ` 
Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient’s head in the neutral, “‘sniffing”’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow’s reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse’s bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It’s made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 


IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting; Educational 
Members pay no registration fee. 


....+ MEMBERSHIP CATEGORIES... . 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 





ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $50.00 U.S.; $61.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 

m anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 


Please send me ________ application(s) for: Membership ( _) 
Associate Membership (___.) 
Educational Membership (_____.) 





Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 
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CHOICE 


Introducing . 


the Pharmaseal’ Custom Catheter 


No two patients, no two phy- 
sicians, no two procedures are 
alike. Why should two trays be? 
We understand vour need 
for versatility of product selec- 
tion, and in response, weve 
designed our new Custom 
Catheter Insertion Tray Pro- 
gram. Now, you have a choice. 
You can create your own: 
trays from our full line of com- 
ponents. And once we receive 


© American Hospital Supply Corporation 


Insertion Tray Program 


your order, we'll deliver your 
custom trays in just 45 days. 
That’s uncustomarily fast. 

Working closely with your 
Pharmaseal representative, you 
can design the ideal trays for 
your pulmonary artery and » 
central vein catheterization 
procedures. 

Choose from over 165 high 
quality components, including 
a wide range of catheters and 
catheter components. Select 
local anesthetic, prepping and 
guiding components, and 
much more. 


American Pharmaseal Company 


The Pharmaseal Custom 
Catheter Insertion Tray Pro- 
gram. Make it your first choice 
for all your needs. 

For more information, 
contact American Pharmaseal 
Company, P.O. Box 5900, 
Valencia, CA 91355-8900. 

Or call toll-free 1-800-242-3549. 


American Hospital Supply Corporation 





© 1985 Bristol Laboratones 


BRISTOL® Division of Bnstol-Myers Company 


Syracuse, New York.13221.4755 
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Ten-Year Cumulative Index 1975-1984 


Journal of the International Anesthesia Research Society 
Oldest Publication in the Specialty—Established 1922 





ORGANON PHARMACEUTICALS 















A Division of ORGANON Inc., Nest Orange NJ 97052 


(201) 325-4500 Telex 138 201 


June 1985 


Dear Colleague: 

Since the introduction of Pavulon” (pancuronium bromide) over 12 years ago, 
Organon Pharmaceuticals has been dedicated to serving the needs of the 
anesthesia community. This dedication was again in evidence when we added 
Regonol” (pyridostigmine bromide) to your armamentarium. 

In 1984, Organon’s research activity resulted in the newest, most advanced 
agent in its class, Norcuron” (vecuronium bromide). Norcuron, like its 
predecessor Pavulon, represents the current state of the art. 

Organon’s commitment to anesthesia research will continue. Our dedication 
to serving the needs of the anesthesia community remains a top priority. 

That is why Organon is pleased to have had the opportunity to sponsor publication 
of this index. 


Very truly yours, 


Cla Mella 


Edward Miller, M.D. 
Director of Medical Services 
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common bile duct pressure changes 
1984;63:441 
comparison with morphine 1983;62:78 
effects on adrenergic function in 
saphenous veins 1983;62:21 
effects on intrabiliary tract dynamics 
1984;63:139 
hemodynamic effects in dogs 
1981;60:715 
caffeine, effects on cardiac acceleration 
response to noxious stimulation 
1984;63:669 
codeine, comparison with acupuncture 
on postoperative dental pain 
1977;56:473 
dezocine 
interaction with morphine 1983;62:899 
postoperative, comparison with 
meperidine 1978;57:563 
effect on recovery from anesthesia in 
rats 1975;54:97 
epidural, narcotics, postoperative 
analgesia 1980;59:473 
fenoprofen, management of 
postoperative pain 1982;61:1002 
fentanyl 
_ (abstract) 1984;63:183, 192, 236 
age effects (abstract) 1982;61:171 
aging and pharmacokinetics 
1982;61:968 


| 
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anesthetic requirements and 
cardiovascular effects 1978;57:411 

aortocoronary bypass surgery 
1981;60:412 

as supplement to nitrous oxide 
anesthesia 1984;63:405 

awareness and recall 1980;59:948 

biliary spasm and fentanyl 
1981;60:638 

blood pressure response and plasma 
concentrations during high- and 
very high-dose anesthesia 
1983;62:661 

bradycardia after (letter) 1980;59:162 

bradycardia induced by, central vagal 
control of, during halothane 
anesthesia 1978;57:31 

cardiac surgery (abstract) 1982;51:206 

cardiac surgery in infants 1984;63:117 

cardiovascular effects and 
catecholamine responses 
1981;60:563 

cesarean section (abstract) 1982:61:179 

common bile duct pressure changes 
1984;63:441 

comparison with opioids for valvular 
heart surgery 1984;63:1081 

convulsions 1982;61:1020 

coronary bypass surgery (abstract) 
1980;59:562 

dental surgery 1980;59:775 

EEGs during high doses 1984;63:386 

effect on adrenergic function in 
canine arteries 1981;60:21 

effect on arginine vasopressin and 
cortisol secretion 1984;63:25 

effect on temperature gradients in 
cardiac surgical patients 
1983;62:1002 

effects during experimental ischemia 
1980;59:644 

effects on hemodynamics and plasma 
catecholamine 1983;62:305 

effects on intrabiliary tract dynamics 
1984;63:139 

effects on somatosensory cortical- 
evoked potentials 1984;63:833 

effects on stress-induced elevation of 
plasma vasopressin (ADH) after 
surgery 1983;62:727 

gastric fluid volume after 1980;59:287 

hepatotoxicity 1984;63:1076 

interaction with diazepam during 
coronary artery surgery 1983;62:881 

large single dose for coronary artery 
surgery 1982;61:521 

low dose (abstract) 1982:61:168 

nalbuphine-reversed respiratory 
depression 1984;63:814 

negative inotropic effect 1984;63:97 

nitrous oxide and, cardiovascular 
effects on dogs 1976;55:168 

nitrous oxide and, correlation of 
oxygen uptake and cardiovascular 
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dynamics during 1978;57:37 
PDA ligation in infants (abstract) 
1980;59:557 
placental passage and uterine effects 
1983;62:894 
plasma, cardiovascular stability 
(abstract) 1982;61:188 
plasma concentrations and influence 
of nitrous oxide on cardiovascular 
responses 1979;58:390 
postintubation hypertension 
1982;61:680 
preloading for rapid-sequence 
induction 1984;63:60 
reduced painful tooth pulp sensations 
1982;61:751 
reduction of postintubation 
hypertension (abstract) 1981;60:264 
rigidity and pulmonary compliance 
1983;62:332 
somatosensory cortical evoked 
potential alteration (abstract) 
1980;59:544 
ventilatory depression during and 
after anesthesia in humans 
1983;62:966 
heroin 
extradural diamorphine and stress 
1982;61:15 
lumbar extradural effects 1984;63:629 
hydromorphone, in cardiac surgery 
1984;63:55 
lofentanil, dosage and CNS opiate 
receptor binding 1983;62:705 
meperidine 
allergy to 1982;61:301 
as supplement to nitrous oxide 
anesthesia 1984;63:405 
common bile duct pressure changes 
1984;63:441 
comparison, labor pain (abstract) 
1982;61:187 
comparison of effects on pulmonary 
function with post-thoracotomy 
intercostal block 1976;55:542 
gastric levels in surgical patients 
1979;58:88 
generalized cardiovascular and 
regional effects in conscious dogs 
1981;60:649 
induced respiratory depression, 
doxapram antagonism 1975;54:352 
methotrimeprazine and, balanced 
anesthesia 1975;54:749 
neonatal electroencephalographic 
patterns as affected by maternal 
administration of 1978;57:303 
nitrous oxide, cardiovascular effects 
in dog 1977;56:836 
obstetric 1982;61:652 
pancuronium 1977;56:669 
postoperative, comparison with 
dezocine 1978;57:563 


. methadone, neurological effects 


(abstract) 1980;59:531 
toxicity and heroin, treatment 
(editor's choice) 1976;55:607 


morphine 


(abstract) 1984;63:210, 277 

alone and with scopolamine and 
atropine as intravenous surgical 
premedicants 1977;56:606 

antagonistic effect on positive 
inotropic response of ouabain, 
rabbit heart 1975;54:787 

as supplement to nitrous oxide 
anesthesia 1984;63:405 

awareness and dreams, with 
diazepam in nitrous oxide 
anesthesia 1976;55:702 

bupivacaine-morphine epidural 
anesthesia for prostatectomy 
1981;60:818 

butorphanol and, parenteral analgesic 
activity 1976;55:394 

cardiovascular effects of patients with 
coronary artery disease 1982;61:109 

cesarean section (abstract) 1982;61:190 

circulatory responses to, influence of 
barbiturate anesthetic induction on 
1977;56:615 

common bile duct pressure changes 
1984;63:441 

compared with intramuscular narcotic 
and intercostal nerve block for 
postoperative pain relief 1982;61:93 

comparison to lidocaine as adjunct to 
diazepam-nitrous oxide, cardiac 
1980;59:130 

comparison with butorphanol 
1983;62:78 

continuous infusion technique 
1984;63:757 

EEGs during high doses 1984;63:386 

effect of hydroxyzine 1980;59:690 

effect on ventilatory CO, sensitivity 
1983;62:633 

effects on adrenergic function in 
saphenous veins 1983;62:21 

effects on cardiac acceleration 
response to noxious stimulation 
1984;63:669 . 

effects on somatosensory -cortical- . 
evoked potentials 1984;63:833 

epidural 1982;61:236 

epidural, side effects 1982;61:174, 
(abstract) 1982;61:490 

for postoperative analgesia in the 
grossly obese 1984;63:583 

hemodynamic effects, cardiac surgery 
1976;55:47 

interaction with nalbuphine in rats 
1981;60:629 

labor (absiract) 1982;61:190 


- (letter) 1984;63:375 


lumbar extradural effects 1984;63:629 
management of postoperative pain 
1982;61:1002 
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Analgesics—continued 
morphine—continued 
maternal and neonatal effects 
1984;63:319 3 
myocardial infarction size, rats 
1982;61:843 
myocardial oxygen consumption 
1982;61:979 " 
périneural injection 1983;62:164 
postoperative pain 1981;60:726 
postsurgical low back pain syndrome 
_ (abstract) 1982;61:191 
promethazine and, as premedicants 
1977;56:801 
reduction of detrusor tone (letter) 
1984;63:464 
relief of postoperative pain after 
cesarean delivery 1983;62:666 
renal function 1975;54:357 
respiratory depression after epidural 
morphine 1984;63:08 
respiratory depression after (letter) 
1982;61:70 
respiratory depression following 
bilateral carotid endarterectomy 
1981;60:64 ) 
spinal (abstract) 1982;61:188 
transient neurologic changes after 
(letter) 1981;60:540 
urine norepinephrine excretion, 
cardiopulmonary bypass 
1975;54:509 
urodynamic effects and naloxone 
reversal 1983;62:641 
nalbuphine l 
anesthetic potency and interaction 
with morphine in rats 1981;60:629 
effects on adrenergic function in 
saphenous veins 1983;62:21 
effects on intrabiliary tract dynamics 
1984;63:139 
reflex activity and (abstract) 
1982;61:184 
reverses fentanyl respiratory 
depression 1984;63:814 
narcotic 
basic constraints 1981;60:461 
bilary tract, pressure changes in 
guinea pigs by anesthetics 
1979;58:120 
biliary spasm and fentanyl 
1981;60:638 
catecholamine release with morphine 
and diazepam 1981;60:406 
epidural morphine for postoperative 
pain relief 1982;61:93 
extradural diamorphine and stress 
1982;61:15 
meperidine, pharmacokinetics of 
high-dose 1981;60:08 
reduction of postintubation 
hypertension (abstract) 1981;60:264 
respiratory depression following 
bilateral carotid endarterectomy 


1981 50:64 . 
total aresthesia with sufentanil 
(abst-act) 1981;60:276 
pentaze pam (pentazocine plus 
diazepam) supplementing local 
analgesia for laparoscopic 
steril zation 1976;55:177 
pentazoccne 
for possoperative pain relief 
. 198352:949 
diazepam and, supplementing local 
analgesia 1976;55:177 
receptors 1984;63:143 
role in aresthesiology 1980;59:874 
sufentani 
as sup ziement to nitrous oxide 
anes. hesia 1984;63:405 
cardiovascular effects of 1982;61:115 
catechclamine and cortisol responses 
to, Coronary artery surgery 
(abstract) 1982;61:177 
comparison with opioids for valvular 
hear surgery 1984;63:1081 
EEGs curing high doses 1984;63:386 
effect en minimum alveolar anesthetic 
- concentration 1983;62:987 
for cardiac surgery in infants 
1984: 63:117 
hormonal effects of (abstract) 
1982. 61:214 
influerce on endocrine and metabolic 
responses to cardiac surgery 
198=62:391 
total narcotic anesthesia (abstract) 
198E60:276 
theoretic significance of pH dependence 
of narzotics and narcotic antagonists 
1976;53:253 
ventilatcry arrest after 1977;56:727 
Anaphylazis, see Allergy 
Anatomy 
brachial plexus, surface landmarks for 
supraclavicular block of 1982;61:28 
celiac plexus, and ganglia, normal 
variations 1979;58:461 
dorsalis pedis artery, blood pressure in 
great oe with simulated occlusion of 
1978;57:453 
epidural space, correlation of 
skin—space distance with physical 
pararreters (letter) 1984;63:539 
glomus >odies, glomus jugulare tumors 
1983;€2:686 
ligamen-um flavum, in epidural 
anestl_esia 1984;63:499 
sciatic nerve, block 1980;59:371 
subaracanoid space, distance from the 
skin in an obstetric population 
1983;€2:944 
Anemia, se Blood 
Anesthesia 
acid-bas disorders 1975;54:299 
acupum ture, a clinical study 
1976;£5:508 


SUBJECT INDEX 


acute etHanol intoxication, effect on 
neonate (brief reports) 1976;55:602 
analysis of tasks and human factors for 
coronary artery bypass 1976;55:374 
anaphylaxis management 
1976;55:493 
biliary tract surgery, biliary spasm and 
fentanyl! 1981;60:638 
1-bromo-1,2,2-trifluorocyclobutane 
(42M-9) uptake and excretion in man, 
comparative study on 
pharmacokinetics and metabolism of 
inhalation anesthetics 1976;55:853 
cardiovascular. 
(abstract) 1984;63:181, 232, 271 
afterload reduction and preload 
augmentation 1980;59:737 
anesthetic induction with alfentanil 
1982;61:267 
anesthetic management of the first 
permanent, orthotopic, prosthetic 
cardiac replacement 1984;63:685 
antidiuretic and growth hormone 
responses following sufentanil and 
alfentanil in man 1982;61:434 
assessment and reversal of heparin- 
induced anticoagulation for 
cardiopulmonary bypass 
1983;62:710 - 
butorphanol and morphine 1983;62:78 
catecholamine changes during 
cardiopulmonary bypass (abstract) 
1981;60:272 
catecholamine release with morphine 
and diazepam 1981;60:406 
catheter complications 1984;63:772 
changes in mixed venous and 
coronary sinus Ps9 1980;59:751 | 
comparison of fentanyl, sufentanil, 
and alfentanil for valvular heart 
surgery 1984;63:1081 
comparison of halothane and fentanyl 
effects on temperature gradients 
1983;62:1002 
comparison of lidocaine and 
morphine as adjunct 1980;59:130 
complications in surgery for 
congenital heart disease 1984;63:657 
continuous postoperative 
measurement of venous oxygen 
saturation 1984;63:873 
coronary-artery bypass, analysis of 
tasks and human factors in 
anesthesia 1976;55:374 
coronary blood flow, MVO, and 
hemodynamics (abstract) 
1981;60:266 
criteria for early extubation after 
surgery 1977;56:703 
cryptenamine, and control of 
hypertension during bypass 
1978;57:54 
diazepam and diazepam—nitrous 
oxide effects, coronary artery 


E> 
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disease 1980;59:438 

dobutamine and myocardial 
metabolism 1982;61:917 

drug therapy of ischemic myocardium 
1982;61:10 

early diagnosis of myocardial 
ischemia 1981;60:789 

EEG changes due to unsuspected 
aortic dissection 1984;63:946 

effect of calcium-entry blockers 
1984;63:515 

effect of methohexital infusion 
1983;62:317 

effect of nitroglycerin on large 
airways 1983;62:421 

effects during high- and very high- 
dose fentanyl anesthesia 
1983;62:661 

effects of calcium chloride 1984;63:723 

effects of fentanyl, and anesthetic 
requirements 1978;57:411 

effects of nitrous oxide on myocardial 
metabolism ard hemodynamics 
1984;63:1071 

effects of pancuronium and 
vecuronium 1983;62:1059 

effects of sufentanil 1982;61:115 

exaggerated chamber enlargement in 
Ebstein’s anomaly 1981;60:909 

fentanyl infusion 1982;61:972 

fentanyl, large single-dose 1982;61:521 

fentanyl—air~oxygen anesthesia for 
preterm infants 1981;60:331 

halothane, blood solubility during 
bypass, with crystalloid 
hemodilution and hypothermia 
1977;56:622 

hemodynamic calculations (letter) 
1980;59:519 

hemodynamic responses to anesthetic 
induction with midazolam or 
diazepam 1981;60:802 

hemodynamic tracking system 
1980;59:169 

hydromorphone for CABS 1984;63:55 

hypotension following bypass 
1975;54:482, 1977;56:720 

influence of sufentanil on endocrine 
and metabolic responses to cardiac 
surgery 1983;62:391 

inhalational anesthesia for coronary 
revascularization (letter) 
1983;62:1047 

Innovar 1975;54:15 

intraaortic balloon counterpulsation 
for right heart failure 1980;59:74 

isoflurane and halothane to control 
hypertension 1983;62:15 

isoflurane in ischemic heart disease 
1984;63:635 

long-term metoprolol therapy and 
neuroleptanesthesia in coronary 
artery surgery 1983;62:380 

metabolism after acute B-adrenergic 


` 
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blockade (letter) 1984;63:540 

mitral and aortic valvular disease 
1982;61:788 

monitoring of femoral artery pressure 
during replacement of aneurysm of 
descending thoracic aorta 
1977;56:603 

myocardial damage following bypass, 
with halothane 1977;56:556 

myocardial function during halothane 
and enflurane 1980;59:240 

myocardial oxygen consumption with 
halothane and morphine 
1982;61:979 

narcotic anesthesia in infants 
1984;63:117 

narcotic requirements 1984;63:101 

nitroglycerin and myocardial 
metabolism 1982;61:828 

oxygen—fentanyl anesthesia in 
patients with poor left ventricular 
function 1983;62:476 

oxygen—high dose fentanyl- 
droperidol for aortocoronary 
bypass surgery 1981;60:412 

patient transport following open 
heart surgery (abstract) 1981;60:238 

patients with cold autoimmune 
disease 1984;63:349 

pediatric fentanyl dosing 1984;63:577 

plasma fentanyl concentrations and 
influence of nitrous oxide 
1979;58:390 

platelet involvement in coagulation 
time 1984;63:394 

preoperative estimation of risk in 
cardiac surgery 1981;60:625 

propranolol and circulatory responses 
1981;60:579 

protamine sulfate and myocardial 
metabolism 1982;61:247 

scavenging of potassium cardioplegic 
solution 1983;62:780 

superior vena caval obstruction 
during heart surgery 1983;62:941 

temperature changes and ventilation 
(abstract) 1983;62:283 

use of propranolol to control rate- 
pressure product 1981;60:732 

vasodilation by nitroprusside vs 
nitroglycerin 1982;61:256 

vasospastic angina after calcium 
injection 1984;63:1124 

dental 

and anesthesia (correspondence) 
1978;57:751 

cardiovascular effects of cannabinol 
during oral surgery 1976;55:203 

catecholamine response to oral 
surgery 1984;63:640 

hazard during orthognathic surgery 
1980;59:150 

intravenous sedation, local anesthesia 
1980;59:775 


ketamine 1975;54:248 
nitrous oxide and neurologic disease 
1981;60:297 
prolonged apnea after succinylcholine 
(case history) 1976;55;737 
settlement in cardiac arrest case 
(physician and the law) 1975;54:398 
depth 
correlation of oxygen uptake and 
cardiovascular dynamics during 
N,O-fentanyl and N2O-thiopental, 
in dog 1978;57:37 
dreams and awareness, effect of 
morphine, diazepam, nitrous oxide 
1976;55:702 
during high-dose 
fentanyl-diazepam—oxygen 
anesthesia 1983;62:698 
patient awareness 1983;62:239 
recall and perioperative awareness 
1976;55:513 
duration 1984;63:353 
local anesthetics, bupivacaine mixed 
with chloroprocaine 1979;58:364 
electroshock 
(abstract) 1984;63:244 
arterial blood gas analyses 1975;54:203 
autonomic blockade and 
cardiovascular and catecholamine 
response 1977;56:46 
intraocular pressure during 
anesthesia 1975;54:479 
(letter) 1984;63:1140 
epilepsy, methohexital 1982;61:997 
evaluation, preoperative (abstract) 
1982;61:219 
geriatric, cardiac dysrhythmia following 
reversal of neuromuscular blocking 
agents 1978;57:186 
gynecologic, during menses (questions 
and answers) 1977;56:746 
neurosurgical 
cardiovascular and cation effects of 
urea 1981;60:641 
cardiovascular effects during cerebral 
aneurysm surgery 1983;62:742 
cordotomy 1984;63:1036 
effect of the seated position 
1983;62:648 
for transsphenoidal surgery of 
hypophyseal region 1978;57:206 
in sitting position (correspondence) 
1977;56:325 
intracranial arteriovenous 
malformation in infancy 
1977;56:236 
lidocaine or thiopental, intracranial 
hypertension 1980;59:435 
methohexital in epilepsy 1982;61:997 
prevention of blood pressure 
response to skull-pin head holder 
1979;58:241 
propranolol premedication and 
hypotension 1984;63:125 
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Anesthesia—continued 
neurosurgical—continued 
reversible evoked potential changes 
1981;60:835 
risk of paradoxical air embolism 
1984;63:429 
obstetric 
(abstract) 1984;63:256 
acid-base equilibrium in diabetic 
parturients 1982;61:662 
acid-base status, maternal and 
neonatal and bupivacaine 
concentration in diabetic 
parturients 1981;60:574 
acupuncture 1975;54:83 
acute ethanol intoxication, prolonged 
effect on neonate (brief reports) 
1976;55:602 
amniotic fluid embolism during 
curettage for missed abortion 
1977;56:739 
anesthesia training centers in the 
U.S.A.—1975 1976;55:839 
anesthetics and murine intelligence 
1981;60:794 
anesthetics in infants with breast 
feeding (questions and answers) 
1977;56:744 
atropine and glycopyrrolate, 
cardiovascular effects of 1983;62:426 
bearing down and incidence of spinal 
headache 1981;60:524 
bupivacaine, compared with 
etidocaine for vaginal delivery 
1975;54:250 
caudal analgesia for quadruplet 
delivery 1976;55:61 
cesarean section, effect of morphine- 
diazepam 1976;55:702 
chloroprocaine, paracervical block 
with 1977;56:709 
cimetidine as an oral antacid 
1983;62:720 
comparison of general anesthesia and 
lumbar epidural analgesia for 
elective cesarean section 1977;56:228 
continuous infusion epidural 
analgesia 1984;63:421 
effect of halothane on cardiac output 
and regional blood flow 1983;62:489 
effect on maternal plasma beta- 
endorphin levels (abstract) 
1983;62:245 
effect of morphine—diazepam on 
awareness and dreams of patients 
under nitrous oxide anesthesia for 
cesarean section 1976;55:702 
effects on neonatal behavior 
1984;63:301 
elimination of metabolites after 
epidural anesthesia with 2- 
chloroprocaine 1983;62:1089 
enflurane analgesia 1981;60:133 
enflurane with uterine contractility in 


rabbi.s 1978;57:160 

epidural anesthesia for cesarean 
secticn 1983;62:914 

epidural anesthesia for elective 
cesarzan section 1984;63:623 

epidural anesthesia for cesarean 
secticn in kyphoscoliosis 
1978;57:125 

epidural anesthesia, maternal, fetal, 
and reonatal responses 1982;61:638 

epidural morphine, maternal and 
neonatal effects of 1984;63:319 

etidoca:ne compared with 
bupivacaine, for vaginal delivery 
197554:250 

fetal aresthetic requirement for 
halotnane 1983;62:09 

fetal oxygenation. 1982;61:576 

fetal heart rate, effect of lumbar 
epideral anesthesia 1975;54:779 

for combined cesarean section and 
excis-on of pheochromocytoma 
197857:276 

glucose homeostasis, maternal-fetal 
198251:32 

halothane, enflurane, and isoflurane 
for cesarean delivery 1983;62:516 

halothane, maternal, reduces cerebral 
blooc. flow in acidotic sheep fetus 
198059:35 

hemodynamic effects and placental 
transfer of atropine and 
glyccpyrrolate in the pregnant ewe 
1981 50:710 

hypertaric bupivacaine for spinal 
anes hesia in cesarean section 
1984.53:1009 

hyperkaric, bupivacaine peridural 
197857:593 

hypokzlemia associated with 
terbutaline 1980;59:917 

increa=ng oxygenation during 
cesarean section (questions and 
ansv ers) 1977;56:463 

intravenous albumin administration, 
spinul hypotension 1980;59:655 

ketamine, arterial blood gases during 
vaginal delivery 1978;57:121 

ketamine, thiopental, and extradural 
aneszhesia, neonatal 
neurdbehavioral tests after 
1977 56:548 

left-sided chest pain with radiation to 
shoulder after vaginal delivery 
1977 56:863 

(letter) 1984;63:1045 

lidocaine and 2-chloroprocaine 
198% 62:168 

lidocaine and bupivacaine for 
cesarean section, neonatal 
neuxobehavioral responses after 
198£63:413 

local anesthetics 1976;55:829 


lumba- epidural anesthesia, effect on, 
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fetal heart rate 1975;54:779 
lumbar sympathetic block with paa 
bupivacaine 1978;57:486 
management of a parturient with 
cardiac valve prosthesis 1976;55:214 
maternal and fetal effects of 
prophylactic hydration before 
epidural anesthesia 1983;62:673 
maternal and infant neutrophil 
chemotaxis (abstract) 1980;59:543 
maternal, fetal, and neonatal effects 
of lidocaine—epinephrine 
1984;63:973 
lidocaine and bupivacaine for 
cesarean section, neonatal 
neurobehavioral responses after 
1984;63:413 
lidocaine, neonatal neurobehavioral 
effects of 1983;62:473 
meperidine-bupivacaine 1982;61:652 
metabolic acidosis 1980;59:929 
methoxyflurane analgesia, fluoride 
levels in parturients and neonates 
following 1977;56:646 
mitral and aortic valvular disease 
1982;61:788 ioe 
morphine-diazepam, effect on 
awareness and dreams of patients 
for cesarean section 1976;55:702 
myasthenia gravis and pregnancy 
1978;57:441 
neonatal electroencephalographic 
patterns as affected by maternal 
drugs during labor and delivery 
1978;57:303 
neonatal gastric pH 1978;57:98 
newborn hypoventilation 1975;54:38 
nitroglycerin therapy for 
hypertension, pregnant ewes 
1980;59:494 
organization of neonatal resuscitation 
equipment (letter) 1979;58:442 
pain control in parturition 
(correspondence) 1977;56:598 ~s 
peridural, comparison of spread in 
pregnant and nonpregnant women 
1978;57:544 
pharmacokinetics of etidocaine in 
fetal and neonatal lambs and adult 
sheep 1982;61:104 
physostigmine, reversal of sedation in 
parturients 1976;55:478 
placental passage and uterine effects 
of fentanyl 1983;62:894 
placental transfer of midazolam 
1984;63:31 
plasma and cerebrospinal fluid 
endorphin levels 1982;61:893 
postpartum deterioration in valvular 
heart disease (letter) 1983;62:460 
postpartum hypertension and 
convulsion after oxytoxic drugs 
1976;55:813 
preeclampsia—eclampsia 1983;62:590 


SUEJECT INDEX 


prehydration fluids and lactate and 
pyruvate concentrations 1984;63:69 
prolonged neuromuscular blockade 
with succinylcholine 1983;62:444 
prophylactic ephedrine and cesarean 
section 1982;61:839 
pulmonary venous admixture in 
sheep 1979;58:318 
relief of postoperative pain after 
cesarean delivery 1983;62:666 
renal function following 
methoxyflurane administration 
1976;55:415 l 
self-administered methoxyflurane and 
trichloroethylene, medical and legal 
aspects (questions and answers) 
1977;56:322 
side brace for the delivery room table 
(letter) 1984;63:1046 
spread of epidural anesthesia 
1981;60:421 
succinylcholine—vecuronium for 
cesarean section 1983;62:909 
terbutaline therapy 1980;59:391 
the first experiment (letter) 
1983;62:1136 
use of succinylcholine (letter) 
1983;62:1051 
uterine contractions and epidural 
block 1982;61:127 
vaginal delivery, renal function 
following methoxyflurane 
administration 1976;55:415 
with epidermolysis bullosa 
1978;57:281 
ophthalmologic, myocardial infarction 
-ollowing local anesthesia 1980;59:257 
orthopedic, intraoperative awakening 
or possible early recognition of 
neurologic sequelae, Harrington rod 
spinal fusion 1976;55:526 
orthopedic (letter) 1984;63:372 
orthopedic, wake-up technique to avoid 
neurologic sequelae during 
Harrington rod procedure 1977;56:733 
otclaryngologic 
enesthesia for patient with tracheal T- 
tube stent 1981;60:218 
continuous etomidate infusion 
1982;61:993 
diagnostic bronchoscopy 1980;59:585 
intravenous procaine as supplement 
1979;58:492 
management of pediatric patient with 
tracheal T-tube 1981;60:445 
outpatient (abstract) 1984;63:282 
digit-symbol test and dot test, 
comparison for street fitness of 
outpatients 1976;55:883 
evaluation, anesthesiologist 
1976;55:307 
guidelines 1982;61:921 
reuromuscular recovery after 
laparoscopy 1984;63:51 
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preanesthetic glycopyrrolate and 
cimetidine 1984;63:40 

test to assess recovery 1979;58:324 

pediatric 1983;62:124, 1984;63:359 

advantages of infant ventilators over 
adapted adult ventilators 
1976;55:769 

age-dependent responses to 
halothane 1981;60:182 

atracurium, pharmacology of 
1984;63:309 

blood pressure, measurement in 
neonates and infants utilizing an 
automatic noninvasive oscillometric 
monitor 1981;60:742 

blood pressure measurement (letter) 
1982;61:956 

bronchopleural]-cutaneous fistula, 
bronchial blockade (brief reports) 
1976;55:874 

cardiopagus in neonatal thoracopagus 
twins 1980;59:304 

cardiovascular surgery, ketamine- 
pancuronium-narcotic 1975;54:800 

caudal, in infants 1977;56:686 

caudal block, bupivacaine compared 
with etidocaine 1975;54:250 

closed circuit anesthesia 1984;63:765 

Columbia pediatric circle, humidity 
output (brief reports) 1976;55:877 

compressed air-O,-anesthetic 
mixtures for neonate 1977;56:127 

congenital complete heart block 
1979;58:334 

congenital heart disease, 
complications in surgery for 
1984;63:657 

congenital lobar emphysema (case 
history) 1976;55:869 

congenital tracheal stenosis, resection 
of 1979;58:431 - 

craniopagus twins, separation of 
1980;59:883 

dentistry, ketamine 1975;54:248 

d-tubocurarine, neonatal responses to 
1984;63:799 

Doppler-assisted radial artery 
cannulation 1984;63:346 

electroconvulsive therapy, arterial 
blood gas analyses 1975;54:203 

enflurane anesthesia, intraocular 
pressure 1975;54:212 

epiglottitis management 1975;54:622 

ethanol intoxication (brief reports) 
1976;55:602 

fentanyl dosing during cardiac 
surgery 1984;63:577 

fentanyl—air—oxygen anesthesia for 
ligation of patent ductus arteriosus 
1981;60:331 

foreign body hazard in neonate 
1977;56:726 

halothane anesthesia and 

, cardiovascular depression in infants 


1982;61:42 

halothane, hemodynamic effects of 
1984;63:731 

halothane-induced complications 
1984;63:838 

halothane, uptake and distribution of 
1983;62:404 

heart defect surgery, hypothermia 
1975;54:660 

high-frequency jet ventilation for 
tracheal resection 1984;63:1039 

humidification (brief reports) 
1976;55:877 

hypothermia during cytoscopy (brief 
reports) 1976;55:592 

in perspective 1978;57:634 

induction in infant with frontonasal 
dysplasia and meningo- 
encephalocele 1977;56:736 

induction techniques, behavioral 
consequences of 1977;56:538 

intracranial arteriovenous 
malformation in infancy 1977;56:236 

intramuscular, radiotherapy 
1976;55:92 

intraocular pressure 1976;55:773 

isoflurane, cardiovascular effects of 
inhalation induction with 
1983;62:411 

isoflurane, minimum anesthetic 
concentration of 1984;63:418 

ketamine and intraocular pressure 
1976;55:773 

ketamine, hemodynamic effects of 
1984;63:895 

ketamine-pancuronium-narcotic, 
cardiovascular surgery 1975;54:800 

(letter) 1984;63:1140 

lumbar epidural anesthesia, effect on 
fetal heart rate 1975;54:779 

malignant hyperthermia in a six- 
month-old infant 1978;57:262 

mechanical ventilation with a 
nonbreathing system (abstract) 
1980;59:565 

mobile respiratory assistor, for 
neonatal transport 1978;57:729 

muscle relaxants in 1981;60:335¢ 

muscle relaxants, comparison of non- 
depolarizing 1981;60:862 

narcotic anesthesia for cardiac surgery 
1984;63:117 

neonatal gastric pH 1978;57:98 

neuromuscular parameters (abstract) 
1981;60:251 

new endotracheal tube (brief reports) 
1975;54:273 

newborn hypoventilation 1975;54:38 

nitrous oxide : 
absorption and excretion 1976;55:95 
encephalography 1976;55:402 ` 

pancuronium for cardiac anesthesia 
1981;60:798 

postintubation croup 1977;56:501 
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Anesthesia—continued 
pediatric—continued l 
preextubation ventilatory 
measurements 1980;59:467 
radiotherapy, intramuscular ketamine 
1976;55:92 
Rees gas scavenger (brief reports) 
1976;55:881 
Rees system safety valve (brief 
reports) 1976;55:741 
regional anesthesia 1975;54:387 
respiratory pattern, change in, affect 
dead space/tidal volume ratio 
1980;59:341 
respiratory weaning of intubated 
newborns and infants (abstract) 
1981;60:239 
Romano-Ward syndrome, effects of 
stellate ganglion block on the 
idiopathic prolongation of the Q-T 
interval with cardiac arrhythmia 
1976;55:782 
severe hypertension 1976;55:519 
subacute upper respiratory infection 
1979;58:331 
succinylcholine 1980;59:639, (abstract) 
1980;59:535 
succinylcholine and thiopental, effect 
of, on potassium concentrations 
1984;63:1146 
succinylcholine, characteristics of 
neuromuscular blockade with, in 
neonates 1978;57:63 
systems, waste gas scavenging valve 
for 1977;56:291 
tubes, endotracheal (brief reports) 
1975;54:273 
unrelenting hypotension associated 
with an acute abdomen in a 
comatose hemophiliac child 
1976;55:346 
use of laryngoscope (letter) 
1983;62:241 
vecuronium, safety and efficacy of 
1983;62:1083 
scheduling, operating room, by 
computer 1977;56:831 
therapeutic 
left stellate ganglion block for 
hypertension (abstract) 1981;60:269 
stellate ganglion, convulsions during 
block 1979;58:329 
stellate ganglion, treatment of 
hypertension after coronary artery 
surgery (abstract) 1981;60:269 
thoracic 
circulatory collapse after 
pneumonectomy 1977;56:451 
comparison of ketamine and 
enflurane 1984;63:521 
high-frequency jet ventilation in a 
child 1984;63:1039 
high-frequency positive pressure 
ventilation in open-chest surgery 


1981;€0:324 
improved oxygenation during 
thora: otomy with selective PEEP to 
deperdent lung 1977;56:26 
one-lunz high-frequency positive 
pressure ventilation 1981;60:683 
oxygen-et ventilation during tracheal 
reconstruction 1977;56:429 
veterinary. pentobarbital and fetal 
survival (correspondence) 1977;56:472 
volatile, halothane, and nitroprusside- 
inducec hypotension, effect on renal 
functior 1978;57:521 
Anesthesia “oundation, see Organizations 
Anesthesiolagists 
analysis o tasks and human factors for 
coronarv-artery bypass 1976;55:374 
auditing performance 1984;63:611 
causes of death 1981;60:01 
drug abus 1983;62:467 
Anesthesiology 1983;62:124 
auditing, >erformance 1980;59:465 
audits, computerized (abstract) 
1981;60262 
history, p-ablications and 1980;59:01 
journals, «bstracts, papers resulting 
from 1932;61:445 
journals, vitation analysis, publications 
resulting from anesthesia meeting 
abstracts 1982;61:445 
journals (2tter) 1982;61:1024, 1984;63:90, 
374, 53E 
journals, -elationship between author 
and edicor (editor's choice) 1976;55:22 
journals, -ighting the wrongs of 
writing. copy editors speak out 
(editor’: choice) 1976;55:219 
numenon.and the phenomenon 
1975;54257 
practice, survey 1975;54:112 
Anesthetic techniques 
balanced 
aging and fentanyl pharmacokinetics 
1982;—1:968 
(letter) .984;63:1049 
methotrimeprazine and meperidine 
1975;.»4:749 
questions and answers 1976;55:907 
Bird Mark~-14 ventilator (brief reports) 
1976;55 379 
brachial clexus, surface landmarks for 
supraclavicular block of 1982;61:28 
cardiac disease 1976;55:617 
cardiac surgery following propranolol 
1975;54371 
circle systems, comparison of efficiency 
1976;55 724 
closed cir-le, compromise for 1978;57:18 
closed circuit 
in infarts and children 1984;63:765 
vaporizer performance 1980;59:359 
dissociati~e 
digitalis tolerance 1975;54:106 


emergence from ketamine anesthesia , 


SUBJECT INDEX 


1975;54:169, 312 
ketamine 1975;54:35 
ketamine, intravenous, arterial 
hypoxemia 1976;55:311 
ketamine, intraocular pressure in 
children 1976;55:773 
ketamine in pediatric dentistry 
1975;54:248 
ketamine tolerance 1976;55:778 
ketamine-induced, neural 
mechanisms 1975;54:189 
ketamine-pancuronium-narcotic 
1975;54:800 
dosage nomogram for sodium 
nitroprusside-induced hypotension 
1976;55:574 
doxapram, effects on cerebral blood 
flow and peripheral hemodynamics 
1976;55:279 
effect of general agents, ouabain, and 
aldosterone on striated muscle 
contraction in toad 1976;55:409 
electroanesthesia, monkey 1976;55:536 
electronarcosis, current applications to 
produce general and local anesthesia 
1977;56:678 
endobronchial 
arterial oxygenation during one-lung 
anesthesia 1980;59:847 
circulatory collapse after 
pneumonectomy 1977;56:451 
comparison of ketamine and 
enflurane 1984;63:521 
double-lumen tube adapter 
1980;59:507 
double-lumen tubes (letter) 
1984;63:882 
intubation for intraoperative 
protection 1976;55:340 
jet ventilation of one lung 
1984;63:957 
one-lung anesthesia 1982;61:507 
one-lung pediatric anesthesia 
1981;60:450 
endotracheal 
awake 1975;54:323 
changing tubes 1978;57:737 
criteria for extubation after 
intracardiac surgery 1977;56:703 
deglutition of tube: case report 
1978;57:590 
difficult extubation, endotracheal tube 
cuff (brief reports) 1976;55:876 
laryngotracheal residue 1976;55:392 
lidocaine spray 1975;54:438 
low- and high-pressure tube cuffs, 
tracheal pathology following short- 
term intubation with 1978;57:577 
nasotracheal extubation, unusual 
problem (brief reports) 1976;55:302 
noninvasive assessment, by 
capacitance respirometry of 
respiration 1975;54:807 
spontaneous extubation 1977;56:293 


<a>. 


SUBJECT INDEX 


epidural 


absorption of lidocaine 1979;58:360 

(abstract) 1984;63:184, 196 

accidental subdural local anesthetic 
injection 1983;62:1124 

after total hip replacement 1983;62:174 

age and dose response (abstract) 
1981;60:268 

age and spread of solution 
1980;59:768 

aging (abstract) 1980;59:553 

anatomy of ligamentum flavum 
1984;63:499 

anesthesia, spinal subdural 
hematoma associated with 
1980;59:72 . 

anesthetic spread (letter) 1981;60:227 

anticoagulants and 1980;59:394 

assessment of motor blockade during 
epidural anesthesia 1983;62:889 

baroreflex control of heart rate 
1983;62:815 

basic constraints of 1981;60:461 

bedbug infestation as complication 
(letter) 1979;58:531 

biliary tract surgery 1982;61:793 

block, complicating lumbar 
sympathetic block 1977;56:873 

block, use of Tuohy needle in 
paramedian approach 1977;56:582 

blood patch for postspinal headache 
1984;63:1121, (letter) 1984;63:962 

blood patch (letter) 1981;60:123 

blood patches, safe vclume for (letter) 
1983;62:619 

bupivacaine, effect of lateral position 
(abstract) 1983;62:278 

bupivacaine for cesarean section 
1980;59:89 

bupivacaine-morphine epidural 
anesthesia for prostatectomy 
1981;60:818 

buprenorphine for postoperative 
analgesia 1984;63:593 

cardiac effects 1984;63:817 

cardiovascular responses to clamping 
of the aorta 1979;58:372 

catheters, prevention of external 
kinking 1977;56:865 

caudal anesthesia in infants 
1977;56:686 

caudal, concentration and extent of 
sensory spread 1984:63:1017 

cesarean section (abstract) 1982;61:210 

comparison of spread in pregnant 
and nonpregnant women 
1978;57:544 

continuous infusion in labor and 
delivery 1984;63:421 

continuous infusion of morphine 
1984;63:757 

correlation of skin-space distance 
with physical parameters (letter) 
1984;63:539 
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delayed onset of anesthesia in 
patients with back pain 1981;60:874 

dynamics of local anesthetic 
compounds 1977;56:110 

effect of position on anesthetic spread 
1984;63:863 

effects of extradural morphine and 
heroin 1984;63:629 

effects on neonatal behavior 
1984;63:301 

elimination of CABA after anesthesia 
with 2-chloroprocaine during 
parturition 1983;62:1089 

etidocaine, prolonged spinal nerve 
involvement after 1978;57:361 

extradural diamorphine and stress 
1982;61:15 

fetal oxygenation 1982;61:576 

flaccid paraparesis following 
obstetrical anesthesia, possible role 
of benzyl alcohol 1977;56:219 

for elective cesarean section (letter) 
1984;63:623 

for patients with chronic neurological 
disease (letter) 1983;62:620 

for postoperative analgesia in the 
grossly obese 1984;63:583 

herpes simplex virus infection (letter) 
1982;61:714 

Horner’s syndrome following 
obstetric extradural block 
1980;59:299 

hyperbaric bupivacaine, in obstetrics 
1978;57:593 

hypotensive, adenosine triphosphate- 
induced 1984;63:381 

hypotensive, trimethaphan-induced 
vasodilation 1984;63:290 

in patients with multiple sclerosis 
(letter) 1983;62:856 

intravascular migration of catheter 
(letter) 1979;58:252, 443, 531 

intravenous regional, evaluation of 
the myotoxicity of bupivacaine in 
bier block 1983;62:796 

laryngoscopy, fentanyl and 
postintubation hypertension 
1982;61:680 

latent dural puncture after lumbar 
block 1977;56:725 

lateral position 1978;57:95 

(letter) 1984;63:375, 7&3 

lidocaine 1983;62:447 

low pressure headache following 
1980;59:799 

lumbar, fetal heart rate baseline 
variability 1975;54:779 

lumbar, multiple sclerosis 
1982;61:1022 

maternal and neonatal acid-base 
status and bupivacaine 
concentration in diabetic 
parturients 1981;60:574 

maternal, fetal, and neonatal effects 


of lidocaine-epinephrine 
1984;63:973 

maternal, fetal, and neonatal 
responses 1982;61:638 

meperidine-bupivacaine for obstetrics 
1982;61:652 

modified Dawkins epidural indicator 
(letter) 1979;58:350 

modified Dawkins epidural indicator, 
teaching aid 1978;57:738 

monitoring sensory level (letter) 
1981;60:694 

morphine (abstract) 1983;62:258 

morphine 8, respiratory depression 
after (abstract) 1984;63:262 

morphirie for labor and delivery 
1984;63:319 

morphine for postoperative analgesia 
1982;61:236 

morphine for postoperative pain relief 
1982;61:93 

morphine, side effects 1982;61:490 

narcotics, effects on stress-induced 
elevation of plasma vasopressin 
(ADH) after surgery 1983;62:727 

narcotics (letter) 1981;60:123 

narcotics, postoperative analgesia 
1980;59:473 

needle bevel direction (abstract) 
1982;61:208 

neonatal behavioral tests after 
extradural anesthesia 1977;56:548 

neonatal neurobehavioral effects of 
lidocaine 1983;62:473 

neonatal neurobehavioral responses 
after lidocaine and bupivacaine for 
cesarean section 1984;63:413 

neurologic deficits following 
1981;60:150 

neutrophil chemotaxis, influence of 
anesthesia 0n1978;57:567 

patch, spinal subdural epiarachnoid 
hematoma 1980;59:702 

pentazocine for postoperative pain 
1983;62:949 

plasma concentrations of lidocaine 
1983;62:578 

plastic syringes (letter) 1980;59:805 

position and spread of anesthesia 
1981;60:584 

postoperative pain relief with 
morphine 1981;60:726 

potential for contamination of 
continuous catheters 1977;56:222 

precordial chest pain during 
anesthesia (letter) 1983;62:1134 

reduction of detrusor tone (letter) 
1984;63:464 

respiratory depression affer epidural 
morphine 1984;63:08 ; 

spread and uterine contractions 
(abstract) 1981;60:277 

spread in pregnancy (letter) 
1979;58:350 
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Anesthetic techniques—continued 


epidural—continued 

spread of epidural anesthesia 
1981;60:421 

steroid effect on nerves and meninges 
1980;59:610 

successful anesthesia following 
epidural blood patch 1978;57:272 

sympathetic recovery following 
lumbar epidural and spinal 
analgesia 1977;56:352 

test doses (letter) 1981;60:616 

transient lower extremity weakness 
1981;60:527 

transient neurologic changes after 
morphine (letter) 1981;60:540 

22-gauge needle 1978;57:743 

uterine contractions and spread of 
local anesthetics 1982;61:127 

hypotensive 

(abstract) 1984;63:207, 213, 280, 281 

adenosine, adenosine triphosphate, 
and sodium nitroprusside 
1982;61:273 

adenosine- and ATP-induced (letter) 
1984;63:538 

adenosine triphosphate and sodium 
nitroprusside, cardiovascular 
changes in rat 1982;61:99 

arterial and venous dilation (abstract) 
1981;60:248 

blood pressure determines blood loss 
1980;59:203 

cardiac failure and valvular 
regurgitation patients 1980;59:737 

cardiovascular effects during cerebral 
aneurysm surgery 1983;62:742 

consumption of vitamin B,. (abstract) 
1980;59:538 

cryptenamine, control of 
hypertension during 
cardiopulmonary bypass 1978;57:54 

experience with nitroprusside and 
epidural analgesia in a pregnant 
quadriplegic patient 1981;60:61 

hemodynamic and sympathoadrenal 
responses (abstract) 1981;60:249 

hydralazine, intraoperative 
hypotension (abstract) 1982;61:192 

hydralazine, neurosurgery 
1982;61:1016 

induced hypotension, effect of 
propranolol 1979;58:466 

induced hypotension, hemodynamic 
consequences of withdrawal of 
nitroprusside or nitroglycerin 
1982;61:261 

induced hypotension, sodium 
nitroprusside 1976;55:654 

induction, RO 21-3981, intravenous, 
for premedication and 1978;57:01 

infraclavicular plexus block, pain 
relief after mastectomy 1982;61:986 

infrarenal aortic clamping (abstract) 


1981350:242 

MAC and deliberate hypotension 
198150:513 

neurolcgic changes caused by 
nitroprusside (abstract) 1980;59:561 

nitroglycerin 1983;62:421 

nitroglcerin, arterial and venous 
dilation (abstract) 1981;60:248 

nitroglicerin and myocardial 
metadolism 1982;61:828 

nitroglcerin during infrarenal aortic 
clam ing (abstract) 1981;60:242 

nitrog!~cerin hemodynamic and 
sympathoadrenal responses 
(abstract) 1981;60:249 

nitrogl~cerin in patient with variant 
angira 1980;59:707 

nitrog|~cerin, intrapulmonary 
shurcing during induced 
hypctension 1982;61:231 

nitrogl~cerin therapy for 
hypertension, pregnant ewes 
1980:59:494 

nitrog]~cerin, vasodilation 1982;61:256 

nitroprusside (abstract) 1983;62:252 

nitroprusside, and cerebral blood 
flow {correspondence) 1978;57:142 

nitroprusside and mitral stenosis 
198059:662 

nitroprusside and thiosulfate in dogs 
198251:120 

nitroprusside blood pressure 
resp»nse to laryngoscopy and 
tracheal intubation 1979;58:116 

nitroprusside, changing renal blood 
following, in nephrolithotomy 
197756:102 

nitroprusside, cyanide intoxication 
induzed by 1977;56:533 

nitroprusside, dose requirement 
reduced with increasing halothane 
concentrations 1978;57:457 

nitroprsside, during anesthesia and 
operation in the head-up position 
197756:391 

nitroprusside, drug therapy of 
ischemic myocardium 1982;61:10 

nitroprusside effect on myocardial O, 
consimption (abstract) 1980;59:554 

nitroprusside, effect on renal function 
1978.57:521 

nitropausside, failure of cyanide to 
antazonize 1980;59:672 

nitropmusside for intraoperative 
hypertension (correspondence) 
1977.56:748 

nitropmusside, intraoperative 
hypertension 1976;55:880 

nitropsusside, intrapulmonary 
shurting during induced 
hypetension 1982;61:231 

nitropmusside, myocardial 
revascularization (abstract) 
1982.61:215 


SUBJECT INDEX 


nitroprusside, pulmonary vascular 
response to, in anesthetized dogs 
1978;57:551 
nitroprusside therapy in oliguric 
patient, cyanide production during 
1977;56:729 
nitroprusside used to attenuate blood 
pressure response 1979;58:116 
nitroprusside, using enflurane and 
morphine 1979;58:174 
nitroprusside, vasodilation 
1982;61:256 
nitroprusside-induced hypotension 
1976;55:654 
prevention of nitroprusside toxicity 
with thiosulfate (abstract) 
1980;59:547 
propranolol attenuates renin release 
1981;60:569 
propranolol premedication 
1984;63:125 
pseudo resistance to nitroprusside 
(letter) 1980;59:518 
reflex responses to sodium 
nitroprusside and control by 
cryptenamine 1980;59:909 
regional blood flow activity 
1984;63:503 
renal perfusion, mannitol, and 
(letter) 1979;58:156 
tracheobronchial cytologic changes 
1980;59:197 
insufflation 1984;63:368 
ketamine-pancuronium-narcotic 
cardiovascular 1975;54:800 
laryngoscopy 
for tracheal intubation, blood 
pressure and heart rate changes 
during, influence of lidocaine 
1978;57:197 
laser surgery 1981;60:885 
morphine 
bupivacaine—morphine epidural 
anesthesia for prostatectomy 
1981;60:818 l 
neurolept analgesia for awake pronation 
of surgical patients 1977;56:276 
paracervical lidocaine and 
2-chloroprocaine 1983;62:168 
regional 
abdominal pain, alcohol celiac plexus 
nerve block 1977;56:01 
(abstract) 1984;63:259 
age effects on pH of cerebrospinal 
fluid and vasopressors 1975;54:455 
ankle, model for comparison of local 
anesthetics 1982;61:418 
axillary block 1983;62:215 
axillary, model for comparison of 
local anesthetics 1982;61:418 
block 1975;54:250 
brachial plexus 1983;62:55 1984;63:363 
brachial plexus, cardiac arrest after 
interscalene block 1977;56:446 


SUBJECT INDEX 


brachial plexus, continuous block for 
prolonged sympathectomy and 
pain control 1978;57:128 

brachial plexus, factors influencing 
distribution of local anesthetic 
1979;58:225 

brachial plexus, hoarseness and 
Horner's syndrome after 
interscalene block 1977;56:585 

brachial plexus, landmarks for 
infraclavicular block 1977;56:554 

brachial plexus, longitudinal 
supraclavicular approach for 
insertion of plastic cannulas 
1981;60:352 

brachial plexus, parascalene 
technique 1979;58:267 

brachial plexus, using omotrapezoid 
route 1977;56:486 

brachial plexus, vascular insufficiency 
following axillary block 1981;60:162 

brachial plexus block, surface 
landmarks for 1982;61:28 

bupivacaine 1976;55:763 

bupivacaine compared with 
etidocaine 1975;54:250 

bupivacaine compared with tetracaine 
1976;55:489 

bupivacaine, review of cases 
1978;57:42 

caudal analgesia, quadruplet delivery 
1976;55:61 

celiac plexus, block, and pancreatic 
arteriovenous malformation 
1977;56:288 

celiac plexus, hepatotoxicity 
1984;63:479 

celiac plexus, normal anatomic 
variations 1979;58:461 

cervical plexus block 1975;54:370 

children 1975;54:387 

chloroprocaine (letter) 1984;63:544 

comparison of insulated and 
uninsulated needles for locating 
peripheral nerves 1984;63:925 

comparison of insulated vs 
uninsulated needles for electrical 
nerve location 1984;63:919 

competitive neuromuscular 
1975;54:649 

continuous brachial plexus block, 
clinical and anatomical study 
1984;63:680 

epidural blood patch 1975;54:459, 634 

epidural blood patch, regional 
analgesia 1975;54:634 

epidural injection, inadvertent, 
thiopental (brief reports) 
1975;54:406 

epidural lumbar anesthesia, effect on 
fetal heart rate 1975;54:779 

epidural, morbid obesity 1980;59:902 

epinephrine, catecholamine response 
to oral surgery 1984;63:640 
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evaluation of memory 1976;55:368 

femoral, lower extremity surgery 
1980;59:631 

intercostal block (abstract) 1983;62:246 

intercostal block, hemodynamic 
changes after, with bupivacaine- 
epinephrine 1978;57:492 

intercostal block, postoperative 
thoracotomy 1975;54:773 

intercostal block, post-thoracotomy 
1976;55:542 

intercostal block, spread and uptake 
of solution injected (abstract) 
1980;59:553 

intercostal nerve block, a 
roentgenographic anatomic study 
1980;59:815 

interscalene cervical plexus 
1975;54:370 

intravenous, onset and progression 
with dilute lidocaine 1982;61:834 

lateral femoral cutaneous, inadvertent 
3-in-1-block” 1980;59:887 

lidocaine and 2-chloroprocaine 
1983;62:168 

lumbar disc surgery 1976;55:550 

lumbar puncture, CSF cutaneous 
fistula (case history) 1975;54:691 

lumbar sympathetic block, single 
needle approach 1975;54:725 

lumbar sympathetic block, with 
bupivacaine, analgesia for labor 
1978;57:486 

lumbar sympathetic block, peridural 
block complicating 1977;56:873 

lumbar sympathetic block, single 
needle approach 1975;54:725 

lumbosacral plexus block, unusual 
complication 1976;55:350 

lumbosacral plexus block 1976;55:350 

lumbosacral plexus block, unusual 
complication 1976;55:350 

medullary narcosis (editor’s choice) 
1975;54:579 

obstetrics 1976;55:82¢ 

paracervical block with 
chloroprocaine 1977;56:709 

penis, nerve biock for postoperative 
pain relief in children 1978;57:495 

peridural, comparison of solutions 
used in lumbar and caudal 
anesthesia 1978;57:175 

peripheral nerve block, bupivacaine 
1976;55:763 

pharmacokinetics, of local anesthetics 
during plexus blocks 1977;56:852 

renal transplantation 1976;55:69 

sacral nerve block for bladder pain 
1982;61:46 

sciatic block, popliteal fossa 
1980;59:371 

sciatic~femoral nerve block 
1975;54:489 

sciatic-femoral, supine approach 


1975;54:489 . 
sensory block, tetanic electrical 
current quantification 1980;59:796 
spinal accessory nerve, simple technic 
for block 1978;57:591 
splanchnic block, study of technique 
and spread of solution 1981;60:369 
stellate ganglion block 1975;54:567 
sympathectomy, measurement with 
pulse-wave monitor 1975;54:289 
sympathetic block, ejaculatory failure 
1984;63:770 
sympathetic block, paravertebral 
(correspondence) 1978;57:145 
transsacral block (letter) 1982;61:623 
versus general (questions and 
answers) 1976;55:277 


spinal 


absorption of lidocaine 1979;58:360 

(abstract) 1984;63:238, 267 

acid~base equilibrium in diabetic 
parturients 1982;61:662 

after laminectomy (letter) 1981;60:169 

albumin, prevention of spinal 
hypotension, cesarean 1980;59:655 

anatomy of ligamentum flavum 
1984;53:499 

backache, a contraindication to spinal 
anesthesia (questions and answers) 
1975;54:505 

basic constraints of 1981;60:461 

bearing down and incidence of 
headache in parturients 
1981;60:524 

bevel and deflection of spinal needles 
(letter) 1983;62:371 

blood levels during 1979;58:357 

bronchospasm during 1981;60:839 

bupivacaine compared with tetracaine 
1980;59:743 

bupivacaine versus tetracaine spinal 
1976;55:550 

cervical plexus block, single injection 
technique 1975;54:370 

cesarean section, cerebral infarction 
following 1982;61:390 

clonic convulsions after 1982;61:945 

comparison of neural blogkade and 
pharmacokinetics after 
subarachnoid lidocaine 1983;62:995 

dibucaine and tetracaine 1982;61:133 ` 

distance from skin to the lumbar 
epidural space 1983;62:944 

dose-response study of bupivacaine 
1983;62:931 

easy approach (letter) 1981;60:770 

effect of added epinephrine with 
lidocaine 1981;60:417, (abstract) 
1981;60:275 ° 

effect of age, pH of cerebrospinal 
fluid and vasopressors 1975;54:455 

effect of cough 1979;58:306 

effect of hyperbaric bupivacaine with 
added vasoconstrictors 1982;61:49 
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Anesthetic techniques—continued 
spinal—continued 
effects of epinephrine (letter) 
1981;60:913 
effects of epinephrine on lidocaine 
(letter) 1984;63:542 
effects of phenylephrine and neural 
blockade 1984;63:129 
epidural abscess following 1978;57:351 
epinephrine and (letter) 1982;61:395 
esophageal rupture 1983;62:606 
evaluation, rhesus monkey 
' 1981;60:756 
hairshaft in subarachnoid space 
(letter) 1981;60:694 
heparinization, operational (questions 
and answers) 1975;54:506 
high spinal anesthesia (abstract) 
1980;59:561 
hyperbaric bupivacaine for spinal 
anesthesia in cesarean section 
1984;63:1009 
introducers for 25-gauge spinal 
needles (letter) 1983;62:1046 
isobaric (letter) 1982;61:714 
isobaric tetracaine and lithotomy 
position 1981;60:810 
(letter) 1984;63:783, 1140 
for pediatric surgery (letter) 
1984;63:782 
lumbar disc surgery, spinal 
anesthesia 1976;55:550 
lumbar puncture, CSF cutaneous 
fistula (case history) 1975;54:691 
meningitis as a complication 
1983;62:513 
monitoring sensory level (letter) 
1981;60:694 
morphine for transurethral 
prostatectomy (abstract) 1983;62:255 
neurologic deficits following 
1981;60:150 
neurotoxicity after injection of large 
. volumes of local anesthetic 
solutions 1983;62:802 
neutrophil chemotaxis, influence of 
anesthesia on 1978;57:567 
normal human cerebrospinal fluid 
and tetracaine density 1981;60:814 
patient heparinized (questions and 
‘ answers) 1975;54:506 
patients with previous lumbar 
laminectomy or fusion (abstract) 
1980;59:529 
percutaneous catheterization (letter) 
1981;60:618 
persistent neurologic deficit and 
-~ adhesive arachnoiditis following 
chloroprocaine 1980;59:452 
pharmacokinetics of lidocaine, rhesus 
monkey 1982;61:746 
postural puncture headache, chronic 
pain 1980;59:772 
postural puncture headache 


1982;51:948 
precorcial chest pain during 
anesthesia (letter) 1983;62:1134 
previous lumbar laminectomy 
198059:881 
prolonged sensory/motor deficits 
following 1980;59:399 
prophy-actic ephedrine and cesarean 
secticn 1982;61:839 
pruritis following 1980;59:157 
spinal taps (letter) 1982;61:309 
subarachnoid hematoma after lumbar 
punccure 1983;62:777 
subarachnoid injection of autologous 
blooc and neurologic deficits 
198150:603 
subarachnoid intracranial pressure 
1975354:494 
subdural hematoma, epidural 
anesthesia and continuous spinal 
aneséhesia 1980;59:72 
sympafietic recovery following 
lumtar epidural and spinal 
analgesia 1977;56:352 
tetracafie and the effect of added 
vasoeonstrictors 1983;62:793 
uptake and elimination of local 
anesthetics 1983;62:1013 
use of droperidol to control nausea 
198453:85 
vasocomstrictors 1984;63:134 
topical 
aerosol. anesthesia of airway 
198059:803 
airway response to lidocaine 
198059:123 
bupiva: aine anesthesia of the airway 
198453:1001 
Anesthetics. gases 
cyclopropane 
halothene and, effect of 
' dextroamphetamine and reserpine 
197554:655 
hyperc.pnia (brief reports) 
1976355:439 
measurement of anesthetic potency 
1981;50:380 
used tc test anesthetic potency in the 
~ elder-y 1984;63:998 
nitrous ozide 
absorption and excretion 1976;55:95 
absorption, endotracheal tube cuffs 
(brief reports) 1976;55:595 
(abstract) 1984;63:175 
abuse 79;58:104 
analgesic concentrations (letter) 
1982751:394 
and hacothane, neutrophil chemotaxis 
durirg 1977;56:696 
and tympanic membrane rupture 
197857:283 
arterial oxygen tension in children 
(abst-act) 1983;62:258 


awareress and dreams of paitents for 


SUBJECT INDEX 


cesarean section, morphine- 
diazepam 1976;55:702 
bactericidal effects 1979;58:136 
barbiturate potency and nitrous oxide 
susceptibility 1984;63:35 
carcinogenicity of 1978;57:678 
cardiovascular effects of, during 
meperidine infusion 1977;56:836 
cardiovascular response to exposure 
1980;59:93 
cardiovascular responses during 
halothane anesthesia 1978;57:84 
cognitive reversal of expected 
analgesia 1983;62:1073 
compared to enflurane analgesia in 
obstetrics 1981;60:133 
cutaneous wound healing in presence 
of 1978;57:527 
discontinuance does not prevent 
tension pneumocephalus 1981;60:57 
effect of isoflurane anesthesia on 
blood flow 1983;62:499 
effect of low concentration on rat 
fetus 1980;59:175 
effect on accumulation rate and 
uptake of bowel gases 1979;58:405 ei 
effect on hemodynamic function 
during high-dose sufentanyl 
anesthesia (abstract) 1983;62:275 
effect of oxygen 1976;55:734 
effect on pulmonary vascular 
resistance (abstract) 1980;59:548 
1983;62:257 
effect on thymidine and methionine 
syntheses in pregnant rats 
1983;62:738 
effect on tracheal cilia 1980;59:426 
effects of exposure 1984;63:526 
effects on central sympathetic and 
vagal tone 1983;62:129 
effects on monitoring performance 
and electroencephalogram (abstract) 
'1980;59:545 
effects on muscle contractility 
1984;63:451 
effects on myocardial contractility 
1984;63:47 
effects on myocardial metabolism and 
hemodynamics 1984;63:1071 
effects on ventilatory response to 
enflurane (abstract) 1981;60:261 
encephalography, oxygen 1976;55:849 
encephalography, pediatrics 
1976;55:402 
enflurane concentrations delivered by 
Ethrane vaporizers increased by 
1979;58:30 ) 
enflurane vaporizer accuracy with 
(letters) 1979;58:440, 441 ` 
epinephrine-induced arrhythmias 
during halothane anesthesia, dogs -É> 
1982;61:414 
expansion of intravitreal sulfur 
hexafluoride (abstract) 1983;62:290 


> | 
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Ec- 


exposure in operating room 
1978;57:216 

exposure to and neurologic disease 
among dental professionals 
1981;60:297 

fast oscillatory EEG activity induced 
by analgesic concentrations 
1981;60:283 

flow-directed catheters and (letter) 
1982;61:308 

hazards of use (editorial) 1979;58:73 

hepatic clearance of lidocaine in dogs 
1976;55:322 

hepatotoxicity 1984;63:1076 

inactivates methionine synthetase in 
human liver 1982;61:75 

(letter) 1984;63:371 

measurement of anesthetic potency 
1981;60:380 

memory effects (abstract) 1980;59:540 

minimum alveolar concentration 
1982;61:553 

minimum alveolar concentrations in 
swine 1984;63:529 

modification of halothane-altered 
renal function in dog 1977;56:690 

oxygen 1976;55:849 

patients with coronary artery disease 
1980;59:438 

patients with mitral stenosis and 
pulmonary hypertension 
1980;59:323 (abstract) 0546 

pediatrics 1976;55:402 

plasma fentanyl concentration and 
influence of, on cardiovascular 
responses 1979;58:390 

potencies in mice bred for resistance 
or susceptibility 1981;60:646 

pulmonary air embolism and (letter) 
1982;61:956 

simplified technic of air 
encephalography (correspondence) 
1977;56:469 

supression of spinal evoked EEG 
potentials in surgical patients 
(abstract) 1983;62:267 

tolerance tested in mice 1981;60:137 

tolerance, withdrawal convulsions 
following nitrous oxide 1980;59:19 

vaporizer aberrance (letter) 
1983;62:956 

vaporizer outputs and (letter) 
1980;59:808 

venous air embolism 1982;61:304 

viscosity effects in anesthesia 
1980;59:192 

volumes, absorbed and excreted 
1976;55:95 

with fentanyl and with thiopental, 
correlation of oxygen uptake and 
cardiovascular dynamics, in dog 
1978;57:37 

trace concentrations 
faulty anesthesia circuits, source of 


pollution 1977;56:359 
in sperm (abstract) 1981;60:281 
mechanical aspects of pollution 
control 1977;56:769 
monitoring occupational exposure 
1977;56:778 
nitrous oxide exposure in operating 
room 1978;57:216 
NO and NO,, effects of exposure 
1984;63:526 
operating room pollution, 
governmental perspectives and 
guidelines 1977;56:775 
psychomotor performance after 
exposure to 1979;58:475 
recovery room air pollution (letter) 
1980;59:711 
scavenging of (letter) 1980;59:163 
toxicity 1978;57:328 
when vaporizer is off 1977;56:793 
Anesthetics, intravenous 
alfentanil 
(abstract) 1984;63:279, 284 
antidiuretic and growth hormone 
responses 1982;61:434 
comparison with opioids for valvular 
heart surgery 1984;63:1081 
comparison with thiopental 
1984;63:330 
effect on plasma hormonal changes, 
early postoperative respiratory 
function, and speed of 
postoperative recovery (abstract) 
1983;62:285 
induction with 1982;61:267 
alphaprodine, and renal blood flow 
autoregulation, compared with 
halothane or methoxyflurane in dog 
1978;57:389 
diazepam 
negative inotropic effect 1984;63:97 
plasma levels 1975;54:173 
renal hemodynamics 1982;61:853 
droperidol 
and pheochromocytoma (letter) 
1981;60:770 
comparison with diazepam and 
hydroxyzine as premedication 
1977;56:496 
during cesarean section (letter) 
1984;63:782 
effects of ketamine in heart disease 
1983;62:193 
hydroxyzine, and diazepam 
changes in airway resistance 
1976;55:18 
hypoxic ventilation 1984;63:106 
or diazepam, respiratory function 
following premedication with 
1978;57:695 
premedication (correspondence) 
1978;57:288 
prevention and treatment of nausea 
and vomiting 1979;58:396 


to control nausea 1984;63:85 
etomidate 
(abstract) 1984;63:225 
cardiovascular and pulmonary 
responses in cardiac patients 
1979;58:40 
clinical and EEG comparison with 
thiopental 1977;56:479 
clinical use for anesthesia induction 
1976;55:730 
clinical use of, for induction 
1976;54:687 
continuous infusion for CO, laser 
surgery of the larynx 1982;61:993 
effect on cardiovascular system 
1977;56:717 
increased cerebrospinal fluid pressure 
1975;54:687 
infusion regimen for hypnosis 
1983;62:654 
inotropic and anesthetic potencies 
1983;62:961 
etoxadrol hydrochloride, new 
intravenous anesthetic 1976;55:335 
fentanyl 
(abstract) 1984;63:181, 261, 266 
aging and pharmacokinetics 
1982;61:968 
and convulsions (letter) 1983;62:858 
anesthetic requirements and 
cardiovascular effects 1978;57:411 
antidiuretic and growth hormone 
responses 1982;61:434 
a periodic analysis of EEG response 
during open heart surgery 
(abstract) 1983;62:284 
blood pressure response and plasma 
concentrations during high- and 
very high-dose anesthesia 
1983;62:661 
bradycardia induced by, central vagal 
control of, during halothane 
anesthesia 1978;57:31 
cardiovascular effects 1979;58:179 
cardiovascular effects and 
catecholamine responses 
1981;60:563 
cardiovascular effects of pancuronium 
and vecuronium 1983;62:1059 
choledochoduodenal sphincter spasm. 
(abstract) 1981;60:257 
comparison with opioids for valvular 
heart surgery 1984;63:1081 
during pediatric cardiac surgery 
1984;63:577 
effect on arginine vasopressin and 
cortisol secretion 1984;63:25 
effect on myocardial metabolism and 
hemodynamic réspon$es in 
coronary patients (abstract) 
1983;62:276 i 
effect on the rate of CSF production 
1983;62:581 
effects on EEG 1984;63:489 
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Anesthetic, intravenous—continued 
fentanyl—continued 
effects on myocardial contractility 
1984;63:47 
for ligation of patent ductus 
arteriosus in preterm infants 
1981;60:331 
halothane metabolite binding in 
obesity 1981;60:548 
hemodynamics (abstract) 1983;62:245 
hepatotoxicity 1984;63:479 
induced hepatic injury 1983;62:155, 
140, 146 
infusion for aortocoronary bypass 
surgery 1982;61:972 
intraoperative effectiveness in 
balanced anesthesia (abstract) 
1983;62:259 
narcotic requirements 1984;63:101 
negative inotropic effect 1984;63:97 
nitrous oxide and, cardiovascular 
effects 1976;55:168 
nitrous oxide and, correlation of 
oxygen uptake and cardiovascular 
dynamics during 1978;57:37 
oxygen-fentanyl anesthesia in 
patients with poor left ventricular 
function 1983;62:476 
plasma catecholamine levels 
1982;61:366 
renal function and stress response 
1981;60:552 
rigidity and hypercarbia associated 
with (letter) 1981;60:362 
fentanyl-droperidol, for aortocoronary 
bypass surgery 1981;60:412 
hydromorphone, in cardiac surgery 
1984;63:55 
Innovar 
cardiovascular effects 1975;54:15 
digitalis tolerance 1975;54:106 
intraocular pressure during 
anesthesia in adult ophthalmic 
surgery 1980;59:50 
microdrip technique: double blind 
study 1977;56:279 
premedication, refusal of surgery 
1975;94:224 
ketamine 
(abstract) 1984;63:186 
and pancuronium-narcotic, 
cardiovascular surgery 1975;54:800 
anesthesia and hemorrhage 
1981;60:481 
anesthesia, emergence 1975;54:169 
arterial blood gases and, during 
vaginal delivery 1978;57:121 
arterial hypoxemia 1976;55:311 
cardiopulmonary responses to, in 
noncardiac patients 1977;56:813 
cardidvascular dynamics, halothane 
and enflurane anesthesia 
1975;54:588 
cardiovascular effects 1980;59:355 


cardiovscular effects following 
amineaphylline 1982;61:685 

compar-son with enflurane 
1984:93:521 

compar-son with procaine and 
lidoczine in histamine-induced 
contracture of guinea pig tracheal 
musce 1978;57:25 

direct efects on isolated canine 
cereb-al and mesenteric arteries 
1983;32:553 

effect on endotoxin-induced lung 
injury 1983;62:398 

effects ef droperidol in heart disease 
1983; 32:193 

effects en brainstem auditory evoked 
potertials 1982;61:338 

effects an mood 1984;63:1087 

effects an peripheral sympathetic 
nervcus system, guinea pig 
1980; 39:45 

emergence 1975;54:169 

encephalopathy, infant 1982;61:873 

failure ~ alleviate carcinoid syndrome 
1980;39:621 

for treaczment of penile erection 
(lette-) 1983;62:457 

hazards in ischemic heart disease 
(lette~) 1983;62:1044 

hemod~namic effects in hypovolemic 
dogs {abstract) 1983;62:247 

in chilcren with congenital heart 
disease 1984;63:895 

in dermolytic bullous dermatosis 
1977736:398 

Innovaz and, anesthesia effect on 
digitalis tolerance 1975;54:106 

interaction with neuromuscular 
blocking agents in phrenic nerve- 
hemiliaphragm preparation of rat 
197857:238 

intraocalar pressure, in children 
1976355:773 

intravenous 1976;55:311 

multipe anesthetics 1975;54:35 

neonat:| neurobehavioral tests after 
1977356:548 

microd ip technique, double blind 
study 1977;56:279 

patient:preference 1975;54:35 

pediatrc dentistry 1975;54:248 

pediatre radiotherapy 1976;55:92 

physossigmine antagonized 
198059:764 

plasma_levels 1982;61:87 

recall fellowing, for open-heart 
surgery 1978;57:267 

renal hemodynamics 1982;61:853 

rhesus monkey 1975;54:189 

subdisesociative dosage, emergence 
pheromena 1975;54:312 

suppression of chemically induced 
convulsions in infant cockerel 
198059:406 
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tolerance 1976;55:788 
laryngeal stenosis in acromegaly 
1976;55:57 
lidocaine, comparison to morphine as 
adjunct to diazepam-nitrous oxide, 
cardiac 1980;59:130 
lofentanil, dosage and CNS opiate 
receptor binding 1983;62:705 
methohexital 
epilepsy 1982;61:997 
hemodynamic and hepatic effects 
1983;62:317 
uncontrolled epilepsy (abstract) 
1982;61:185 
midazolam, circulatory responses 
1983;62:135 
morphine 
cardiopulmonary bypass 1975;54:509 
cardiovascular responses to clamping 
of the aorta 1979;58:372 
catecholamine release with diazepam 
1981;60:406 
comparison to lidocaine as adjunct to 
diazepam-nitrous oxide, cardiac 
1980;59:130 
effects of position (letter) 1984;63:169 
myocardial oxygen consumption, 
afterload changes in dogs 
1980;59:233 
nitroprusside responses during 
1979;58:174 
postoperative analgesia (abstract) 
1981;60:240 
narcotics 
continuous opioid infusion for 
scoliosis fusion surgery 1983;62:841 
unconsciousness and amnesia 
1983;62:625 
neurolept, enzyme induction following 
surgery 1981;60:319 
neurolepts, analgesia for awake 
pronation of surgical patients 
1977;56:276 
opioids 
as supplement to nitrous oxide 
anesthesia 1984;63:405 
effects on EEG 1984;63:386 
pentobarbital 
cardiovascular effects 1983;62:749 
effects on brainstem auditory evoked 
potentials 1982;61:338 
propanidid, test to assess recovery 
1979;58:324 
splanchnic circulation 1983;62:135 
sufentanil 
(abstract) 1984;63:250, 260, 261 
antidiuretic and growth hormone 
responses 1982;61:434 
cardiovascular effects of 1982;61:115 
comparison with opioids for valvular 
heart surgery 1984;63:1081 
influence on endocrine and metabolic 
responses to cardiac surgery 
1983;62:391 


oe 
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plasma histamine levels during 
>- anesthesia for coronary bypass 
graft surgery (abstract) 1983;62:260 
requirement of surgical anesthesia 
and effect on awakening time 
(abstract) 1983;62:292 
thiamylal 
effects on central sympathetic and 
vagal tone 1983;62:129 
influence of anesthetic induction on 
circulatory responses to morphine 
1977;56:615 
(letter) 1984;63:371 
succinylcholine, tracheal intubation 
1976;55:232 
succinylcholine, with d-tubocurarine 
pretreatment and anesthetic induction 
1976;55:77 
thiamylal-N2O halothane, influence of 
pancuronium or d-tubocurarine 
circulatory responses 1976;55:485 
thiopental 
cardiovascular effects 1983;62:749 
cholinergic action on 
hypothalamohypophyseal axis 
= 1981;60:03 
comparative hemodynamics with 
midazolam 1982;61:771 
comparison with alfentanil 
1984;63:330 
comparison with fentanyl 1983;62:151 
comparison with myocardial 
depressant action of halothane 
1984;63:313 
control of intracranial hypertension 
1980;59:435 
depression of lung mucociliary 
clearance by 1979;58:387 
dose-response study in 
unpremedicated children (abstract) 
1981;60:246 
effects on mood 1984;63:1087 
glucose tolerance and serum insulin 
ST levels 1975;54:718 
A halothane and enflurane protect 
against bronchospasm in asthma 
dog model 1978;57:629 
hemodynamic effects of (abstract) 
1981;60:260 
hepatotoxicity 1984;63:1076 
induced hepatic injury 1983;62:140, 
146, 155 
inotropic and anesthetic potencies 
1983;62:961 
naloxone fails to antagonize 
1978;57:558 
neonatal neurobehavioral tests after 
1977;56:548 
neuropsychiatric complications of 
. bypass 1982;61:903 
a nitrous oxide and, correlation of 
oxygen uptake and rardiovascular 
dynamics during 1978;57:37 
peripheral vascular resistance and 
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venous capacitance changes during 
cardiopulmonary bypass (abstract) 
1981;60:235 

renal hemodynamics 1982;61:853 

succinylcholine, and intraocular 
pressure 1975;54:471 

suppression of nucleus reticularis 
gigantocellularis neurons 
1982;61:763 

test to assess recovery 1979;58:324 


Anesthetics, local 
amide, toxicity of, dogs 1982;61:317 
antiarrhythmic, beta-adrenergic blockers 


1981;60:897 


bupivacaine 


(abstract) 1984;63:199, 212 

arterial and venous plasma levels, 
peripheral nerve blocks 1976;55:763 

compared with etidocaine for vaginal 
delivery 1975;54:250 

as a topical anesthesia of the airway 
1984;63:1001 

assessment of motor blockade during 
epidural anesthesia 1983;62:889 

benzodiazepine prophylaxis 
1981;60:385 

cardiotoxicity compared to lidocaine 
1984;63:549 

cardiotoxicity in adult sheep (abstract) 
1983;62:268 

cardiovascular effects of convulsant 
and supraconvulsant doses 
1982;61:03 

comparative CNS toxicity after rapid 
intravenous administration 
1983;62:375 

compared with tetracaine 1980;59:743 

concentration and extent of sensory 
spread 1984;63:1017 

continuous infusion in labor and 
delivery 1984;63:421 

deaths from anesthetic-induced 
convulsions in mice 1980;59:401 

determination by high-performance 
liquid chromatography 1984;63:448 

differential blockade of isolated 
canine nerves 1983;62:754 

differential effects of 1982;61:570 

differential sensitivities of nerve fibers 
during pregnancy 1983;62:1070 

dose-response for spinal anesthesia 
1983;62:931 

duration when mixed with 
chloroprocaine 1979;58:364 

dynamics of, in compounds 
1977;56:110 

effect of epinephrine in prevention or 
correction of myocardial depression 
1983;62:450 

effect on neonatal neurobehavioral 
responses 1984;63:413 

effects on cardiovascular function and 
plasma catecholamine levels 
1984;63:1053 


evaluation of analgesic effect and 
urinary excretion in man 1982;61:23 

evaluation of the myotoxicity in bier 
blocks 1983;62:796 

for spinal anesthesia in cesarean 
section 1984;63:1009 

for use during cesarean section 
1983762:914 

hepatotoxicity 1984;63:479 

hyperbaric, peridural in obstetrics 
1978;57:593 

influence of diazepam on the serum 
protein binding 1984;63:980 

influence on atria 1984;63:01 

inhibits hydrolysis of chloroprocaine 
by human serum 1978;57:534 

injection route alters toxicity 
1980;59:925 

local anesthetics in stimulus analgesia 
1981;50:752 

lumbar sympathetic block and: 
analgesia for labor 1978;57:486 

mixture with chloroprocairie 
1980;59:683 

model tor comparison in man 
1982;51:418 

neurotoxicity after injection of large 
volumes of local anesthetic 
solutions 1983;62:802 

neurotoxicity in dogs 1982;61:279 

resuscitation after overdose 1982;61:62 

review of cases 1978;57:42 

tracheal ring ciliary activity and 
1978;57:448 

treatment for convulsions and 
ventricular tachycardia 1984;63:856 

trigger voint therapy (abstract) 
1981;60:251 

centbucridine 1983;62:109 
chloroprozaine 

continuous infusion in labor and 
delivery 1984;63:421 

control of pain 1981;60:112 

cytotoxicity 1984;63:985 

deaths trom anesthetic-induced 
convulsions in mice 1980;59:401 

duration of bupivacaine when mixed 


with 1979;58:364 . 
dynamics of, in compounds 
1977;56:110 


for use during cesarean section 
1983;62:914 

in treatment of chronic pain (letter) 
1981;60:844 

injection route alters toxicity 
1980;59:925 

mixture with bupivacaine 1980;59:683 

neurotoxicity after injection of large 
volumes of local anesthetic 
solutions 1983;62:802 

paracervical block with 1977/56:709 

persistent neurologic deficit and 
adhesive arachnoiditis following 
1980;59:452 
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Anesthetics, local—continued 
chloroprocaine—continued 
prolonged neural blockade 
1980;59:447 
prolonged neural blockade following 
(letter) 1980;59:808 
prolonged sensory/motor deficits 
following 1980;59:399 — 
toxicity, chloroprocaine and 
bupivacine in mice (letter) 
1981;60:455 
toxicity, chloroprocaine (letter) 
1981;60:168 
tracheal ring ciliary activity and 
1978;57:448 
with antioxidant sodium bisulfite 
1984;63:445 
2-chloroprocaine 
comparison with lidocaine 1983;62:168 
elimination of CABA after epidural 
anesthesia during parturition 
1983;62:1089 
hydrolysis of, by human serum, in 
presence of amide local anesthetics 
1978;57:534 
neurotoxicity (letters) 1982;61:155, 715 
2-chloroprocaine-CE, neurotoxicity in 
dogs 1982;61:279 
cocaine (abstract) 1984;63:227 
current perspective 1976;55:582 
effect of intranasal administration on 
experimental pain in man 
1982;61:358 
lidocaine—phenylephrine as substitute 
1984;63:915 
dextran interactions 1980;59:335 
duration of rat infraorbital nerve 
block in combination with lidocaine 
or bupivacaine 1981;60:02 
diazepam and (abstract) 1980;59:540 
dibucaine, spinal anesthesia 1982;61:133 
differential sensitivity, margin of safety 
for transmission 1982;61:561 
dissociation constants, temperature 
dependence 1983;62:1025 
ester type, myasthenia gravis (questions 
and answers) 1975;54:506 
etidocaing 
assessment of motor blockade during 
epidural anesthesia 1983;62:889 
benzodiazepine prophylaxis 
1981;60:385 
cardiovascular effects of convulsant 
and supraconvulsant doses 
1982;61:03 
comparative CNS toxicity after rapid 
intravenous administration 
1983;62:375 
compared with bupivacaine for 
vaginal delivery 1975;54:250 
differential effects of 1982;61:570 
local anesthetics in stimulus analgesia 
1981;60:752 
pharmacokinetics, in fetal and 


neone tal lambs and adult sheep 
1982;e 1:104 
lidocaine , 

absorpton following subarachnoid 
and e>idural administration 
1979;£8:360 

(abstrac) 1984;63:219, 224 

adiposis dolorosa 1976;55:257 

airway esponse following topical 
anestnesia with 1980;59:123 

analgesx properties in mice 
1979;£8:85 

as a topical anesthesia of the airway 
1984;€3:1001 

as cocaine substitute 1984;63:915 

benzodEzepine prophylaxis 
1981;€0:385 

cardiotcxicity compared to 
bupivacaine 1984;63:549 

cardiovescular effects of convulsant 
and supraconvulsant doses 
1982;€1:03 

compar.tive CNS toxicity after rapid 
intrav2nous administration 
1983;€2:375 

comparson to morphine as adjunct to 
diaze>am-nitrous oxide, cardiac 
1980;59:130 

comparson with procaine and 
ketarcine in histamine-induced 
contrecture of guinea pig tracheal 
musc= 1978;57:25 

concent-ation and extent of sensory 
spread 1984;63:1017 

continusus infusion in labor and 
delivery 1984;63:421 

control of intracranial hypertension 
1980;29:435 

controls extubation laryngospasm in 
children 1978;57:506 

cytotoxicity 1984;63:985 

deaths trom anesthetic-induced 
convulsions in mice 1980;59:401 

differer-ial blockade of isolated 
canin2 nerves 1983;62:754 

dynamizs of, in compounds 
1977;=6:110 

effect ir allergic bronchoconstriction 
1981;€0:28 

effect oa neonatal] neurobehavioral 
responses 1984;63:413 

effects cf pH on protein binding of 
1978;57:478 

effects cf phenylephrine and neural 
block.de 1984;63:129 l 

epinepitine-induced arrhythmias 
and, luring enflurane anesthesia in 
man _978;57:547 

evaluation 1981;60:756 

failure trigger malignant 
hypesthermia 1979;58:99 

for use during cesarean section 
1983;€2:914 

hepatic =learance, nitrous oxide 
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anesthesia 1976;55:322 

influence on atria 1984;63:01 Hr 

inhibits hydrolysis of chloroprocaine 
by human serum 1978;57:534 

injection route alters toxicity 
1980;59:925 

interaction with epinephrine 
(correspondence) 1977;56:747 

model for comparison in man 
1982;61:418 

myotoxicity in rats and humans 
1981;60:471 

neonatal neurobehavioral effects 
1983;62:473 

neural blockade and 
pharmacokinetics 1982;61:746 

neuromuscular drug interactions 
1980;59:678 

neurotoxicity after injection of large 
volumes of local anesthetic 
solutions 1983;62:802 

oropharyngeal, circulatory response 
to laryngoscopy and tracheal 
intubation with or without 
1977;56:618 

plasma concentrations following 
epinephrine-lidocaine injection 
1978;57:724 l 

plasma concentrations with cervical, 
thoracic, and lumbar epidural 
anesthesia 1983;62:578 

potency of, in rat 1976;55:818 

serum protein binding in humans 
1981;60:395 

topical, endotracheal spray 
1975;54:438 

tracheal ring ciliary activity and 
1978;57:448 

true water/oil partition coefficients of 
1982;61:56 

magnesium enhances local nerve block 
1984;63:111 
membrane-stabilizing actions and 
antiarrhythmic -adrenergic blockers | 


Ean s 


1981;60:897 
mepivacaine 
inhibits hydrolysis of chloroprocaine 
by human serum 1978;57:534 
myotoxicity of single and repeated 
injections in rat 1980;59:275 
vascular smooth muscle, rabbit 
1982;61:756 
myotoxicity, regeneration of damaged 
muscle fibers 1980;59:727 
neuromuscular junction, interaction of 
muscle relaxants and local anesthetics 
at 1978;57:580 
neurotoxicity, in vivo study 1982;61:961 
obstetrics 1976;55:829 
peridural, comparison of solutions used 
in lumbar and caudal anesthesia 
1978;57:175 
pH 1981;60:833 
pH (letter) 1980;59:892 
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pharmacokinetics of, during plexus 
blocks 1977;56:852 
phenol, convulsions in celiac plexus 
block 1979;58:150 
potencies of 1982;61:01 
procaine 
and tracheal ciliary ring activity 
1978;57:448 
comparison with lidecaine and 
_ ketamine in histamine-induced 
contracture of guinea pig tracheal 
muscle 1978;57:25 
cytotoxicity 1984;63:985 
in laryngeal papillomas in children 
1979;58:492 
pharmacokinetics in humans 
1979;58:382 
true oil/water partition coefficients of 
1982;61:56 
pulmonary venous admixture in 
pregnant and nonpregnant sheep 
1979;58:318 
tetracaine 
comparative CNS toxicity after rapid 
intravenous administration 
1983;62:375 
compared with bupivacaine 
1980;59:743 
effect of added vasoconstrictors 
1983;62:793 
spinal anesthesia 1982;61:133 
tetrahydrocannabinol 1976;55:203 
versus bupivacaine spinal anesthesia 
1976;55:489 
tetrodotoxin, action of 1976;55:568 
toxicity . 
chloroprocaine and bupivacaine in 
mice (letter) 1981;60:455 
chloroprocaine (letter) 1981;60:168 
effects of epinephrine (letter) 
1984;63:702 
neurologic deficits following epidural 
or spinal anesthesia 1981;60:150 
reverse arterial blood flow as 2 
pathway for 1978;57:428 
systemic 1978;57:387 
Anesthetics, volatile 
chloroform, measurement of anesthetic 
potency 1981;60:380 
dioxychlorane, correlation of anesthetic 
potency and lipid solubility 
1981;60:201 
enflurane 1984;63:353 
and halothane 1976;55:263 
anesthesia and hemorrhage 
` 1981;60:481 
anesthetics and murine intelligence 
1981;60:794 
bactericidal effects 1979;58: 136 
blood-gas solubility 1982;61:941 
calcium transport, sarcoplasmic 
reticulum 1982;61:142 
carcinogenicity of 1978;57:678 
cardiac decompensation (case history) 
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1976;55:433 

cardiovascular effects 1979;58:179 

cardiovascular effects during 
controlled ventilation 1978;57:619 

cardiovascular effects, enflurane and 
halothane 1976;55:85 

cardiovascular effects of metocurine 
with 1978;57:540 

cardiovascular effects 1976;55:85 

cardiovascular effects, patients with 
coronary artery eae (abstract) 
1980;59:536 

changes in blood chemistries 
1976;55:547 

comparative study using systolic time 
intervals 1976;55:262 

comparison with ketamine 
1984;63:521 

COPD 1976;55:806 

discoloration of (letter) 1981;60: 843 

disposition in the obese (abstract) 
1980;59:562 

effect of ketamine on cardiovascular 
dynamics 1975;54:588 

effect of ouabain tolerance 1976;55:360 

effect of subanesthetic concentrations 
on behavior 1978;57:434 

effect on tracheal cilia 1980;59:426 

effects on blood pressure 1984;63:482 

effects on brainstem auditory evoked 
responses 1982;61:968 

effects on drug metabolism 
1984;63:709 

effects on learning function 
1984;63:729 

effects on release of insulin in 
pancreatic islets 1981;60:878 

electrocorticographic seizure activity 
1975;54:722 

electrographic and behavioral effects 
(abstract) 1980;59:527 

epinephrine 1976;55:709 

extrahepatic biotransformation 
1981;60:129 

failure in altering renal responses to 
acute intracranial pressure increases 
1978;57:200 

feedback control of delivery 
1983;62:836 

flammability 1975;54:238 

for surgical removal of 
pheochromocytoma 1977;56:62 

gastric fluid volume after 1980;59:287 

halothane and absence of 
autoregulation of cerebral blood 
flow during anesthesia 1976;55:100 

halothane and, protect against 
bronchospasm in asthma dog 
model 1978;57:629 

halothane metabolite binding in 
obesity 1981;60:548 

hematocrit effects on blood-gas 
solubility 1984;63:911 

hepatic necrosis (abstract) 1982;61:172 


hepatitis 1980;59:146 i 
hepatitis following (letter) 1980,59: 890 
hepatotoxicity 1982;61:812, 
1984;63:479, 1076 
hepatotoxicity and surgical trauma 
1982;61:79 
ideal gases 1979;58:322 
imbalance between CSF production 
and clearance (abstract) 1981;60:235 
in obstetrics 1981;60:133 
inhibition of 5-hydroxytryptamine 
removal 1982:61:671 
inhibition of seizure activity during 
1978;57:130 
intrabiliary pressure changes in 
guinea pigs by narcotics 1979;58:120 
intraocular pressure 1975;54:212 
intraocular pressure during 
‘anesthesia in adult ophthalmic 
surgery 1980;59:50 
intraoperative hypertension, patients 
with coronary artery disease 
(abstract) 1980;59:542 
isoflurane and halothane comparative 
interaction of epinephrine in man 
1976;55:709 
isoflurane, fluroxene, 
methoxyflurane, and diethyl ether 
1976;55:360 . 
isoniazid effects (abstract) 
1982;61:202 
malignant hyperthermia 1975;54:47 
measurement of anesthetic potency 
1981;60:380 
metabolic role of transplanted liver 
1984;63:1131 
metabolism at anesthetic and 
subanesthetic concentrations 
1979;58:221 
myocardial function during, coronary 
artery disease 1980;59:240 
nitroprusside responses during 
1979;58:174 
nitrous oxide increases concentrations 
of, using vaporizers 1979;58:30 
plasma catecholamine levels 
1982;61:366 
possible hazard with use 9f Ohio 
Ethrane vaporizer 1980;59:65 
psychological functioning after 
` 1980;59:245 
relationship of EEG abnormalities to 
1977;56:509 
reproductive toxicity of 1982;61:19 
responses to verapamil and (abstract) 
~ 1982;61:193 
safety, following administration of 
aminophylline 1981;60:871 
seizures in patients takirtg 
amitriptyline 1982;61:67 
serum inorganic fluoride levels in 
obese patients 1979;58:409 
thermoregulatory defect in rats 
during anesthesia 1977;56:09 
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Anesthetics, volatile—continued 
enflurane—continued 
treatment of increased PCWP 
(abstract) 1981;60:273 
uterine contractility in rabbits and 
1978;57:160 
vaporizer accuracy with nitrous oxide 
(letters) 1979;58:440, 441 
ventilatory and cardiovascular effects 
during spontaneous ventilation 
1978;57:610 
ventilatory depression by, during 
clinical anesthesia 1980;59:103 
ventricular arrhythmias following 
epinephrine injection 1975;54:468 
ether, diethyl, hepatocyte responses, 
changes in surface scanning and 
enzyme leakage 1978;57:605 
ether, diethyl, effects on muscle 
contractility 1984;63:451 
flurothyl, convulsant gases and 
anesthetics 1981;60:464 
fluroxene 
for jejunoileal shunt 1975;54:65 
gas machine hazards 1976;55:26 
ouabain tolerance 1976;55:360 
toxicity, chemical report 1976;55:529 
halothane 1984;63:1059 
a neurochemical hypothesis 
1975;54:242 
(abstract) 1984;63:191, 233, 248, 276 
acetate fails to reverse myocardial 
depression in dogs anesthetized 
with 1978;57:395 
adrenergic arrhythmias after 
imipramine 1984;63:825 
age and epinephrine-induced 
arrhythmias (abstract) 1981;60:254 
age-dependent responses to 
1981;60:182 
alcohol influence on 1980;59:826 
alteration in heated humidifiers 
(letter) 1980;59:518 
aminophylline pharmacokinetic and 
cardiorespiratory effects 1980;59:186 
and enflurane, protect against 
bronchospasm in asthma dog 
mode] 1978;57:629 
and halothane-nitrous oxide, 
neutrophil chemotaxis during 
1977;56:696 
and pentobarbital, effect on 
dispersion of indicator particles in 
central circulation of dog 1977;56:68 
anesthesia and hemorrhage 
1981;60:481 
anesthetics and murine intelligence 
1981;60:794 
arrhythmias, dogs 1982;61:414 
arrhythmogenic effects of 
aminophylline, experimental 
animals 1980;59:410 
baroreceptor reflexes and pulmonary 
hemodynamics in the pig 


1981;€:701 

BAX-3274, comparison 1975;54:144 

behavio-al consequences, rats 
1975;24:628 

biotran=ormation and hepatic 
bindirg of metabolites (abstract) 
1981;€0:279 

blood sclubility during 
cardicpulmonary bypass, with 
crystæ loid hemodilution and 
hypofhermia 1977;56:622 

calcium transport by cardiac 
sarcoplasmic reticulum 1981;60:390 

canine ¥entricular cardiac conduction 
1980;59:327 

carcinogenicity of, in mice 1978;57:678 

cardiac arrhythmias following 
amincphylline in experimental 
animels 1981;60:517 

cardiovescular depression in infants 
1982;€1:42 

cardiovescular effects 1976;55:85 

cardiovescular effects, patients with 
coronary artery disease (abstract) 
1980;£9:536 

cardiovescular responses to asphyxial 
challenge in chronically 
hypeskalemic dogs 1983;62:991 

cardiovescular responses to nitrous 
oxide: during anesthesia 1978;57:84 

changes in neuronal activity, nucleus 
reticwaris gigantocellularis 
1980;59:897 

circulatery effects compared with 
isoflurane 1984;63:635 

clonidire reduction of halothane 
MAC 1982;61:741 

comparative study using systolic time 
intervals 1976;55:263 

compar-son with isoflurane for CABG 
1983;—2:15 

compar:son with large single-dose 
fentanyl 1982;61:521 

comparson with myocardial 
depressant action of thiopental 
1984;-23:313 

complications in children 1984;63:838 

concenirations during gastric or 
gallbExdder traction, circulatory 
respcnses 1976;55:388 

COPD and respiratory complications 
1983;32:975 

cyclopropane and, effect of 
dextmamphetamine and reserpine 
1975;34:655 

debrornation prediction 1979;58:470 

defect i muscle of hyperthermia- 
susceptible pig 1980;59:250 

depression of lung mucociliary 
clearance by 1979;58:387 

digital snd sampled-data control of 
arterzal blood pressure 1982;61:1010 

drug therapy of ischemic myocardium 
198251:10 
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echocardiographic analysis of cardiac 
performance 1979;58:23 

effect of intrauterine exposure on 
postnatal autotolerance and brain 
weight 1983;62:565 

effect of isoproterenol and 
propranolol 1976;55:383 

effect of ketamine, on cardiovascular 
dynamics 1975;54:588 

effect of levodopa 1975;54:178 

effect of pancuronium 1979;58:497 

effect of spontaneous vs controlled 
ventilation on alveolar 
concentration in dogs 1977;56:32 

effect of subanesthetic concentrations 
on behavior 1978;57:434 

effect of sufentanil on MAC 
1983;62:987 

effect on beta-adrenergic receptors in 
canine myocardium 1981;60:401 

effect on canine intracardiac impulse 
conduction during sinus rhythm, 
antiarrythmic anesthetic action 
1977;56:187 

effect on cardiac output and regional 
flow 1983;62:489 

effect on isometric twitch and tetanus 
response 1975;54:527 

effect on pulmonary antibacterial 
defense mechanisms 1979;58:505 

effect on regional blood flow and 
cardiac output in the fetal lamb in 
utero (abstract) 1981;60:241 

effect on systolic time intervals 
1977;56:522 

effect on temperature gradients in 
cardiac surgical patients 
1983;62:1002 

effect on the rate of CSF production 
1983;62:581 

effect on tracheal cilia 1980;59:426 

effects in anemia 1979;58:195 

effects of brain sodium, potassium, 
and osmolality on MAC 1978;57:404 

effects of deuteration on potency 
1984;63:495 

effects of isoflurane on induced 
hepatic injury 1984;63:888 

effects on blood pressure 1984;63:482 

effects on brainstem auditory evoked 
potentials 1982;61:338 

effects on central sympathetic and 
vagal tone 1983;62:129 

effects on conductivity of AV node 
and His-Purkinje system in dog 
1977;56:378 

effects on drug metabolism 
1984;63:709 

effects on electrically stimulated atrial 
arrhythmias in digitalized dogs 
1981;60:302 

effects on enzyme system, platelets 
1980;59:856 

effects on regional blood flow 
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1984;63:557 

electroencephalographic abnormalities 
following 1978;57:244 

electrographic and behavioral effects 
in cat (abstract) 1980;59:527 

enflurane and 1975;54:588 

enflurane and, absence of 
autoregulation of cerebral blood 
flow during anesthesia 1976;55:100 

enflurane and isoflurane, comparative 
interaction of epinephrine in man 
1976;55:709 

enzyme induction following surgery 
1981;60:319 

epinephrine 1976;55:709 

epinephrine, arrhythmogenic dose 
(abstract) 1981;60:258 

epinephrine-induced arrhythmias 
effect of exogenous prostaglandins 
and prostaglandin synthesis 
inhibition 1979;58:401 

exposure 1975;54:449 

exposure, behavioral consequences 
1975;54:628 

extrahepatic biotransformation 
1981;60:129 

failure of naloxone and naltrexone to 
antagonize in the dog 1979;58:36 

failure to alleviate carcinoid syndrome 
1980;59:621 

fatal hepatic necrosis after, with 
juvenile rheumatoid arthritis 
1977;56:589 

fetal anesthetic requirement 
1983;62:09 

flammability 1975;54:238 

gastric fluid volume after 1980;59:287 

gastric traction, circulatory responses 
1976;55:388 

halothane-epinephrine arrhythmias 
1984;63:297 

halothane-induced depression of 
myocardial contractility 1984;63:285 

halothane-induced hepatotoxicity 
(letter) 1983;62:540 

hematocrit effects on blood-gas 
solubility 1984;63:911 

hemodynamic effects 1976;55:135 

hemodynamic effects in pediatrics 
1984;63:731 

hemodynamic interactions with 
verapamil 1984;63:791 

hemodynamic responses to nifedipine 
during anesthesia 1983;62:903 

hepatic blood flow and hepatic injury 
(abstract) 1981;60:253 

hepatic blood flow and hypoxia 
(letter) 1981;60:769 

hepatic blood flow in phenobarbital- 
- pretreated rats 1981;60:306 

hepatic injury 1982;61:824 

hepatic lesions, following multiple 
exposures 1975;54:332 

hepatocyte responses, changes in 
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surface scanning and enzyme 
leakage 1978;57:605 

hepatoprotective effect of oxygen and 
1978;57:481 

hepatotoxicity 1982;61:809, 812, 
1984;63:479, 1076 

hepatotoxicity and surgical trauma 
1982;61:79 

hypoxia and hepatotoxicity (letter) 
1983;62:859 

ideal gases 1979;58:322 

impairment of tracheal ring ciliary 
activity 1979;58:500 

increasing concentrations reduce 
nitroprusside requirement 
1978;57:457 

increasing myocardial oxygen 
demand 1983;62:788 

inhibition of 5-hydroxytryptamine 
removal 1982;61:671 

inhibition of during calcium uptake 
by isolated sarcoplasmic reticulum 
1981;60:492 

inhibitory effect of isoflurane 
1984;63:399 

interaction with antibiotics on 
isometric contractions on rat-heart 
muscle 1977;56:515 

interaction with naloxone in 
longitudinal muscle of guinea pig 
ileum 1979/;58:93 

intrabiliary pressure changes in 
guinea pigs by narcotics 1979;58:120 

intraoperative hypertension, patients 
with coronary artery disease 
(abstract) 1980;59:542 

isometric twitch and tetanus response 
1976;55:383 

ischemic heart disease (abstract) 
1982;61:170 

isoflurane and, cardiovascular effects 
1975;54:701 

(letter) 1984;63:371 

MAC, effect of cocaine administration 
1975;54:422 

MAC, effect of isoproterenol and 
propranolol in dogs 1976;55:383 

MAC, phenobarbital in dogs 
1976;55:677 

MAC in fetus (abstract) 1981;60:249 

maternal and neonatal effects for 
cesarean delivery 1983;62:516 

measurement by ultraviolet 
spectroscopy 1980;59:481 

measurement of anesthetic potency 
1981;60:380 

mechanical hyperventilation 
1980;59:839 

mechanical hyperventilation and 
atrial arrhythmias (abstract) 
1980;59:526 

metabolite and subsequent halothane 
exposures, hepatic pathology 
1976;55:235 


metabalite binding in obesity 
1981;60:548 

minimum alveolar concentrations in 
swine 1984;63:529 

mutagenicity (letter) 1979;58:64 

myocardial damage in coronary-artery 
bypass with 1977;56:556 

myocardial depression, asynergic 
contraction 1980;59:178 

myocardial function during, coronary 
artery disease 1980;59:240 

myocardial oxygen consumption 
1982;61:979 

myocardial oxygen consumption, 
afterload changes in dogs 
1980;59:233 

negative inotropic effect in rabbit 
papillary muscle 1982;61:403 

negative inotropic effects (abstract) 
1983;62:273 

neurochemical hypothesis 1975;54:242 

nifedipine interaction, hemodynamic 
depression (abstract) 1982;61:218 

nitrous oxide modification of renal 
function altered by 1977;56:690 

oxygen availability and hepatotoxicity 
1984;63:965 

phenobarbital 1976;55:677 

platelet dysfunction (abstract) 
1982;61:217 

psychological functioning after 
1980;59:245 

renal blood flow autoregulation and, 
compared with methoxyflurane or 
alphaprodine 1978;57:389 

renal function, stress response 
1981;60:552, (abstract) 1981;60:260 

requirement for, and physostigmine 
1978;57:180 

residual, exposure 1975;54:449 

right coronary circulation (abstract) 
1980;59:559 

subsequent exposures in animals 
sensitized to a halothane metabolite 
1976;55:235 

succinylcholine and, massive 
myglobinuria 1976;55:680 

suppression of cell-mediated 
immunity 1980;59:666 

thermoregulatory defect in rats 
during anesthesia 1977;56:09 

uptake and distribution in infants 
1983;62:404 

uptake and pharmacokinetics 
1983;62:733 

vagosympathetic effects on the His- 
Purkinje system (abstract) 
1983;62:268 

ventricular arrhythmias, following 
epinephrine injection 1975;54:468 

hepatic injury, induced by volatile 
anesthetics 1983;62:140, 146, 155 
isoflurane 1983;62:100 
(abstract) 1984;63:187, 245, 249, 252, 278 
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Anesthetics, volatile—continued 
isoflurane-—continued 


and pressure antagonism in mice 
1977;56:97 

anesthesia and hemorrhage 
1981;60:481 

anesthetic for the eighties 1981;60:666 

aortic stenosis (abstract) 1982;61:206 

bactericidal effects 1979;58:136 

calcium transport, sarcoplasmic 
reticulum 1982;61:142 

calibration of the Narkotest gas 
monitor (brief reports) 1976;55:441 

carcinogenicity of 1978;57:678 

cardiovascular effects after fentanyl 
(abstract) 1983;62:252 

cardiovascular effects in infants 
1983;62:411 

cardiovascular effects of hypotension 
for cerebral aneurysm surgery 
1983;62:742 

cerebral aneurysm surgery (abstract) 
1982;61:197 

circulatory effects compared with 
halothane 1984;63:635 

comparison with halothane for CABG 
1983;62:15 

convulsant gases and anesthetics 
1981;60:46 

COPD and respiratory complications 
1983;62:975 

discoloration and impurities (letter) 
1983;62:366 

effect of aminophylline on 
arrhythmogenicity 1983;62:568 

effect on oxidative metabolism of 
halothane 1984;63:399 

effect with or without 50% nitrous 
oxide 1983;62:499 

effects of halothane-induced hepatic 
injury 1984;63:888 

effects on drug metabolism 
1984;63:709 

effects on hepatic dysfunction 
1984;63:775 

effects on regional blood flow 
1984;63:557 

epinepprine 1976;55:709 

evaluation of a vaporizer 1982;61:457 

fentanyl—nitroprusside for patients 
with cardiac valvular insufficiency 
(abstract) 1983;62:277 

flammability 1975;54:238 

for pheochromocytoma 1975;54:419 

for resection of pheochromocytomas 
(letter) 1983;62:955 

halothane and, cardiovascular effects, 
elderly patients 1975;54:701 

halothane and, coronary artery 
disease, hemodynamics 1976;55:135 

hematocrit effects on blood-gas 
solubility 1984;63:911 

hemodynamic responses during 
hypotension (abstract) 1983;62:261 


a 


hepatic:metabolism of 1984;63:805 

hepatic-necrosis (abstract) 1982;61:172 

hepatotoxicity 1984;63:479, 1076 

hepatotoxicity and surgical trauma 
1982;31:79 

hypertension 1975;54:419 

hypertkermia (letters) 1982;61:711, 712 

ideal geses 1979;58:322 

inhalattonal anesthesia for coronary 
revasularization (letter) 
198352:1047 

inhibition of 5-hydroxytryptamine 
remcwal 1982;61:671 

ischemc heart disease (abstract) 
1982351:170 

liver toxicity, rats 1982;61:812 

maternal and neonatal effects for 
cesarean delivery 1983;62:516 

measurement of anesthetic potency 
1981550:380 

minimem anesthetic concentration in 
child=en 1984;63:418 

ouabain tolerance 1976;55:330 

oxyger availability and hepatotoxicity 
198453:965 

pheochromocytoma 1975;54:419 

platele- dysfunction (abstract) 
1983 52:286 

respira-ory complications in COPD 
(abstract) 1983;62:263 

responses to verapamil and (abstract) 
1982 61:193 

thermcregulatory defect in rats 
during anesthesia 1977;56:09 


isoflurans requirement, effect of acute 


and chronic ethanol administration 
1975;54:277 


iso-Indoklon, convulsant gases and 


anesthetics 1981;60:464 


methoxy _lurane 


bacterizidal effects 1979;58:136 

biotrarsformation and renal function 
1976-55:415 

carcincgenicity of 1978;57:678 

dependence on cytochrome P-450 
1982 61:609 

develaomental toxicity 1980;59:421 

effect an ventricular automaticity, 
antierrhythmic anesthetic action 
1977-56:194 ) 

fluoric levels following analgesia, in 
partarients and neonates 
1977-56:646 | 

hematocrit effects on blood-gas 
solunility 1984;63:911 

hepatccyte responses, changes in 
surface scanning and enzyme 
leakage 1978;57:605 

metabolism at anesthetic and 
subenesthetic concentrations 
197©58:221 

of tra@ concentrations 1978;57:328 

ouabam tolerance 1976;55:360 

renal blood flow autoregulation and, 
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compared with halothane or 
alphaprodine in dog 1978;57:389 
self-administered by parturients, 
medicolegal aspects (questions and 
answers) 1977;56:322 
sevoflurane 1975;54:829 
thermoregulatory defect in rats 
during anesthesia 1977;56:09 


pharmacokinetics 1982;61:587 
pneumothorax after laparoscopy 


1983;62:1121 


sevoflurane 1975;54:758 
sevoflurane and methoxyflurane, 


enzyme induced 1975;54:829 


sevoflurane, biotransformation of 


1981;60:186 


solubility in blood, estimation of (brief 


reports) 1976;55:593, 
thermoregulatory defect in rats 
during anesthesia 1977;56:09 


thiomethoxyflurane, inhaled, 


characteristics of 1977;56:387 


trace concentrations 


cause for concern 55 years ago 
(correspondence) 1978;57:516 

effect on behavior 1978;57:434 

effect on infants of operating room 
personnel 1979;58:302 

faulty anesthesia circuits, source of 
pollution 1977;56:359 

in sperm (abstract) 1981;60:281 

mechanical aspects of pollution 
control 1977;56:769 

monitoring occupational exposure 
1977;56:778 . 

operating room pollution, 
governmental perspectives and 
guidelines 1977;56:775 

psychomotor performance after 
exposure to 1979;58:475 


trichloroethylene, self-administered by 


parturients, medicolegal aspects 
(questions and answers) 1977;56:322 


uptake and pharmacokinetics 


1983;62:733 


Angioneurotic edema, see Complications 
Angiotensin, see Polypeptides 
Ankle block, see Anesthetic techniques, 


regional 


Anoxia, see 
Brain 
Hypoxia 
Antacids, see Gastrointestinal tract, 


stomach 


Antagonists, miscellaneous 
diazepam reversal of physostigmine 


(letter) 1980;59:805 


doxapram, respiratory depression 


1975;54:352 


physostigmine 


antagonizes ketamine 1980;59:764 

-atropine solution, failure to reverse 
diazepam sedation 1980;59:58 

failure to reverse effects of lorazepam 


pe 
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1983;62:679 
hemodynamic responses in patients 
with a drug overdose 1983;62:885 
pressor response (letter) 1980;59:517 
reversal of datura stramonium 


delirium (brief reports) 1975;54:158 


reversal of diazepam-induced 
depression 1977;56:348 

reversal of lorazepam delirium 
1975;54:607 

reversal of sedation in parturients 
1976;55:478 

Antagonists, narcotic 
nalbuphine 

adjunct to general anesthesia (letter) 
1981;60:168 

premedication with 1977;56:808 

naloxone 

antagonism after narcotic 
supplemented anesthesia 
1976;55:800 

cardiovascular response during 
enflurane anesthesia (abstract) 
1981;60:237 

catecholamine blood levels 
1982;61:349 

common bile duct pressure changes 
1984;63:441 

effect on lidocaine analgesia in mice 
1979;58:85 


effects on hemodynamics and plasma 


catecholamine 1983;62:305 
fails to antagonize thiopental 
1978;57:558 
failure to antagonize halothane 
anesthesia in the dog 1979;58:36 
failure to reverse analgesia from 
transcutaneous electrical 
stimulation 1981;60:81 
hydroxyzine-naloxone interaction 
1981;60:634 
hypertension and atrial premature 
contractions 1979;58:524 
hypertension (letter) 1980;59:806 
interaction with halothane in 
longitudinal muscle of guinea pig 
ileum 1979;58:93 
intravenous, hemodynamic and 
catecholamine responses to 
(abstract) 1982;61:182 
pressor response (letter) 1980;59:517 
rational use of (letter) 1981;60:120 
reversal of morphine-induced biliary 
colic 1980;59:619 
sudden death following 1980;59:782 
naltrexone, failure to antagonize 
halothane anesthesia in the dog 
1979;58:36 
pH dependence in clinical anesthesia 
1976;55:253 
Antagonists, neuromuscular relaxants 
4-aminopyridine 1980;59:678 
and human electroencephalograph 
1982;61:354 
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neostigmine and, antagonism of 
lincomycin-pancuronium blockade 
with 1978;57:316 
amitriptyline therapy increases 
electrocardiographic changes during 
blockade reversal 1978;57:77 
anticholinesterase drugs, beta- 
adrenergic blockade and 1982;61:153 
atropine and neostigmine, esophageal 
sphincter tone during blockade 
reversal by 1978;57:171 
edrophonium 
100-hertz tetanus and train-of-four 
1982;61:439 
effect on twitch depression and train- 
of-four ratio 1983;62:314 
heart rate following (abstract) 
1982;61:167 
optimal dose for the reversal of 
norcuron (abstract) 1983;62:271 
train-of-four-fade of neuromuscular 
block, by succinylcholine in man 
1976;55:663 
neostigmine 1980;59:678 
4-aminopyridine and, antagonism of 
lincomycin-pancuronium blockade 
with 1978;57:316 
cardiac dysrhythmia following, in 
geriatric patients 1978;57:186 
comparison of glycopyrrolate and 
atropine during reversal of 
nondepolarizing neuromuscular 
block with 1977;56:182 
correlation with anticurare activity of 
tetanic stimulation 1981;60:175 
dose-response for anesthetized 
pediatric patients (abstract) 
1983;62:259 
d-tubocurarine, pancuronium, and 
polymyxin B, interaction on 
neuromuscular function 1976;54:224 
effect on intestine (questions and 
answers) 1977;56:594 
effect on twitch depression and train- 
of-four ratio 1983;62:314 
rational use of (letter) 1981;60:120 
reversal of blockade with atropine 
and glycopyrrolate 1981;60:557 
reversal of combination 
nondepolarized neuromuscular 
block 1983;62:1081 
Org NC 45, antagonism by 
neostigmine, pyridostigmine, 
4-aminopyridine 1980;59:31 
physostigmine 
cardiac dysrhythmia following, in 
geriatric patients 1978;57:186 
halothane requirement in dogs and 
1978;57:180 
lorazepam delirium 1975;54:607 
reversal of halothane 
(correspondence) 1978;57:597, 598 
pre- and postjunctional effects (letter) 
1983;62:1137 


pyridostigmine (975;54:317 

pyridostigmine, effect on twitch 
depression and train-of-four ratio 
1983;62:314 


Antibiotics 


aminoglycoside, neuromuscular 
blocking effects 1976;55:500 
cefazolin, neuromuscular blocking 
effects 1982;61:767 
cephalosporin, hepatitis (letter) 
1980;59:806 
cephalothin, failure to produce 
anaphylaxis 1980;59:393 
cephapirin, anaphylactic reaction during 
spinal anesthesia 1979;58:337 
chloramphenicol, interaction with 
halothane on isometric contractions 
on rat-heart muscle 1977;56:515 
clindamycin, and lincomycin, 
comparative neuromuscular effects 
1977;56:329 
gentamicin 
neuromuscular blocking effects 
1982;61:767 
pancuronium interaction, renal failure 
(letter) 1980;59:393 
interaction with muscle relaxants, 
neuromuscular effects 1979;58:107 
kanamycin, interaction with halothane 
on isometric contractions on rat-heart 
muscle 1977;56:515 
lincomycin 
and clindamycin, comparative 
neuromuscular effects 1977;56:329 
neuromuscular blockade with 
pancuronium, antagonism with 
neostigmine and 4-aminopyridine 
1978;57:316 
lincomycin-curare interaction 
1975;54:103 
muscle relaxants potentiated 
1976;55:224 
neuromuscular drug interactions 
1980;59:678 
neuromuscular junction, interaction 
with muscle relaxants 1979;58:107 
penicillin, neuropathy (letter) 1979;58:63 
polymyxin B, d-tubocurarine, 
pancuronium, and neostigmine, 
interaction on neuromuscular function 
1976;55:224 
polymyxin B, neuromuscular block by 
1977;56:373 
prolonged epidural catheterization 
(questions and answers) 1976;55:132 
streptomycin, interaction with 
halothane on isometric contractions 
on rat-heart muscle 1977;56:515 
tobramycin ® 
interaction with curare 1977;56:587 
neuromuscular blocking effects of 
1982;61:200 
neuromuscular blocking effects of 
(abstract) 1982;61:767 
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Antibiotics—continued 
vancomycin, anaphylactoid reaction to, 
during anesthesia 1977;56:870 
Anticonvulsants 
benzodiazepines, protect mice from 
local anesthetic convulsions and 
death 1981;60:385 
diazepam, catecholamine release with 
morphine 1981;60:406 
ketamine, suppression of chemically 
induced convulsions in infant 
cockerel 1980;59:406 
phenytoin, cardiac protection in 
hypoxia 1984;63:1021 
Antidepressants, see Ataractics 
Antidiuretic hormone, see Hormones 
Antiemetics, see Vomiting 
Apnea, see Ventilation 
Arrest, cardiac, see 
Complications 
Heart, massage 
Arrhythmia, see Heart 
Arterial blood-gas analyses 
during electroconvulsive therapy in a 
parturient 1975;54:203 
Arteries 
Allen’s test, the case for a complete 
Allen’s test 1983;62:947 
arteritis, Takayasu, anesthetic 
considerations 1979;58:247 
axillary, localizing (letter) 1983;62:701 
cannulation 
Doppler-assisted 1984;63:346 
hand ischemia 1982;61:465 
occlusion 1975;54:836 
peroneal artery in adults 1981;60:360 
safety 1979;58:256 
carotid 
inadvertent prolonged cannulation 
1982;61:150 
puncture, internal jugular cannulation 
(abstract) 1982;61:181 
cerebral, direct effects of ketamine 
1983;62:553 
coronary 
circulatory changes following the 
amylal succinylcholine and tracheal 
intukation 1976;55:232 
fentanyl 1981;60:21 
insufficiency, nitrous oxide 
1984;63:1071 
myocardial infarction 1983;62:493 
preoperative prophylactic digitalis 
1983;62:865 
dorsalis pedis, blood pressure in great 
toe with simulated occlusion 
1978;57:453 
function, analysis of cardiovascular 
regulatién 1977;56:761 
local anesthetics, vascular smooth 
must¢le, rabbit 1982;61:756 
Ménckeberg’s arteriosclerosis, 
pseudohypertension due to 
1978;57:588 


radial 
cannulztion 1982;61:876 
cannulztion (letter) 1983;62:540 
cathetecization, ischemic injury 
following 1979;58:55 
mediar nerve compression following 
puncure 1980;59:953 
puncture simulator 1978;57:733 
safety «f percutaneous arterial 
cannulation 1979;58:256 
trimethaghan, a-adrenoceptor 
antagonist 1984;63:290 
ASA classification (questions and 
answers) 1976;55:614 
Aspiration, see 
Complicacions 
Lung 
Asthma, se2 Lung 
Asystole, sze 
Complicaions 
arrest, cardiac 
Heart 
Ataractics 
abuse, by anesthesia personnel 
1983;62467 
antidepressants 
amitriptyline 1982;61:67 
doxepin, chronic pain, depression 
and serum opioids (abstract) 
1982 51:187 
tricycliz and chronic pain 1984;63:1025 
benzquiramide, cardiovascular effects 
1979;5&189 
cannabin5l, dental surgery, 
cardiovascular effects 1976;55:203 
droperidel and diazepam, changes in 
airway resistance 1976;55:18 
droperidal, effectiveness of hydroxyzine 
compa ed with droperidol 
1981;6G783 
hydroxyzine 
compazison with droperidol and 
diazepam as premedication 
197756:496 
effect cn morphine analgesia 
1980259:690 
compared with droperidol 
1981 60:783 
respiretory depression 1981;60:634 
imiprammne, halothane—epinephrine 
induced arrhythmias 1984;63:825 
MAO inaibitors and anesthesia for 
cardiac surgery 1984;63:1041 
phenothzazines, promethazine, neonatal 
electrc2ncephalographic patterns as 
affected by maternal administration 
1978;57:303 
promethazine, and morphine, as 
premedicants 1977;56:801 
rauwolfis, reserpine, treatment of reflex 
sympathetic dystrophy 1980;59:500 
reserpin- (letters) 1980;59:889 
tricyclic antidepressants, amitriptyline 
therapy increases electrocardiographic 
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changes during neuromuscular 
blockade reversal 1978;57:77 
tricyclic antidepressants (letter) 
1984;63:1140 
Atelectasis, see 
Complications 
Lung 
Atracurium, see Neuromuscular relaxants 
Atropine, see 
Parasympathetic nervous system 
Premedication 
Auditing, see Anesthesiology 
Awareness, see 
Anesthesia, depth 
Memory 
Axillary block, see Anesthetic techniques, 
regional 
Bacteremia, see Infection 
Bacteria 
contamination, in heated nebulizers 
1978;57:191 
epidural analgesia, bacteriologic aspects 
1976;55:187 
humidifiers, heated, contaminants in 
1978;57:191 
B-Adrenergic receptors, see Sympathetic 
nervous system 
Bags, ventilation anesthesia, see 
Equipment, breathing bags 
Bain system, see Equipment, circuits 
Balanced anesthesia, see Anesthetic 
techniques, balanced 
Barbital, see Hypnotics, barbiturates 
Barbiturates, see Hypnotics 
Baroreceptors, see 
Receptors, presso- 
Reflexes 
Bartter’s syndrome, see Complications 
Benzodiazepines, see Hypnotics 
Benzquinamide, see 
Ataractics 
Vomiting, antiemetics 
Bicarbonate, see Acid-base equilibrium 
Biliary tract, see Liver wa 
Binding, see 
Protein 
Receptors 
Biotransformation (drug) 
age factors, pharmacokinetics of 
fentanyl 1982;61:968 
assay techniques 
limitations of sodium fusion assay 
1982;61:786 
pseudocholinesterase atypical 
1976;55:243 
cocaine 
succinylcholine sensitivity 1979;58:235 
enflurane, at anesthetic and 
subanesthetic concentrations 
1979;58:221 
fluoride levels in obese patients 
1979;58:409 
metabolic role of transplanted liver 
1984;63:1131 


SUBJECT INDEX 


enzyme induction 
extrahepatic biotransformation of 
halothane and enflurane 
1981;60:129 
following surgery with halothane and 
neurolept anesthesia 1981;60:319 
hepatotoxicity and surgical trauma 
1982;61:79 
fluorinated metabolites, detection by 
sodium fusion 1980;59:62 
fluorometabolites, halothane and 
metabolite binding in obesity 
1981;60:548 
halothane 1982;61:824 
debromination prediction 1979;58:470 
inhibitory effect of isoflurane 
1984;63:399 
isoflurane, hepatic metabolism of 
1984;63:805 
methoxyflurane 
at anesthetic and subanesthetic 
concentrations 1979;58:221 
dependence on cytochrome P-450 
1982;61:609 
microsomes, extrahepatic 
biotransformation of halothane and 
enflurane 1981;60:129 
pancuronium, antagonism by 
neostigmine 1979;58:483 
sevoflurane, toxologic changes 
1981;60:186 
volatile anesthetics and drug 
metabolism 1984;63:709 
Bisulfite, see Pharmacology, preservatives 
Bladder, see Surgery, urologic 
Bleomycin, see Toxicity 
Blindness, see 
Complications 
Eye 
Block, see 
Anesthetic techniques, regional 
Heart 
Blood 
anemia 
hemodynamic effects of halothane 
1979;58:195 
transfusion complication 1979;58:439 
anticoagulants 
heparin, and antagonism during 
cardiopulmonary bypass with 
hypothermia 1977;56:564 
heparin, cardiopulmonary bypass 
(abstract) 1982;61:189 
arterial and venous plasma levels of 
bupivacaine following peripheral 
nerve blocks 1976;55:763 
bleeding diathesis of uncertain origin, 
anesthetic considerations 1976;55:173 
carboxyhemoglobin, elevated 
intraoperative levels (letter) 
1984;63:698 
coagulation 
anticoagulants and continuous 
epidural anesthesia (letters) 
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1980;59:394 
assessment and reversal of heparin- 
induced anticoagulation for 
cardiopulmonary bypass 
1983;62:710 
cardiovascular effects of protamine 
1981;60:33 
effect of protamine on hypoxic 
pulmonary vasoconstriction in dogs 
(abstract) 1981;60:259 
halothane effects 1980;59:856 
hemodynamic effects 1983;62:831 
hemophilia, hypotension associated 
with acute abdomen 1976;55:346 
heparin 1983;62:1095, (abstract) 
1984;63:235 
heparin, contamination in studies 
from indwelling lines 1980;59:222 
heparin, effects on ischemic brain 
injuries 1976;55:683 
(letter) 1984;63:783, 1143 
management of hemophiliac patients 
1979;58:133 
platelet involvement in heparinized 
blood 1984;63:394 
procedures necessitated by massive 
hemorrhage during 
cardiopulmonary bypass 
1978;57:273 
protamine 1983;62:1095 
protamine, calcium antagonism 
(abstract) 1980;59:564 
protamine, effect on canine heart 
muscle 1980;59:100 
protamine, myocardial metabolic 
effects, cardiopulmonary bypass 
(letter) 1982;61:476 
protamine, severe circulatory shock 
following 1980;59:77 
protamine sulfate and myocardial 
metabolism 1982;61:247 
protamine toxicity in isolated heart 
tissue 1984;63:1111 
rate of injection of protamine (letter) 
1981;60:538 
cold agglutination 1984;63:349 
dextran-local anesthetic interactions 
1980;59:335 
filters 
respiratory failure (abstract) 
1980;59:539 
transfusion, evaluation of 1978;57:463 
flow distribution, with induced 
hypotension 1984;63:503 
glucose, perioperative hypoglycemia 
1983;62:1035 
hematocrit, effects on blood-gas 
solubility 1984;63:911 
hematology, diffuse bleeding, diathesis 
of uncertain origin 1976;55:173 
hemodilution effect on hypotension, 
cardiopulmonary bypass 1975;54:482 
hemoglobin 
degradation, induced hypotension 


1980;59:197 
enflurane blood-gas solubility 
1982;61:1006 
heparin, protamine sulfate and 
myocardial metabolism 1982;61:247 
leukocytes 
influence of spinal and epidural 
anesthesia on neutrophil 
chemotaxis 1978;57:567 
neutrophil chemotaxis during 
halothane and halothane-nitrous 
oxide anesthesia 1977;56:696 
neutrophil chemotaxis 1976;55:668 
loss, operative, total hip replacement 
1975;54:641 
lymph, leakage following 
catheterization of right subclavian 
vein 1978;57:123 
mediastinal Hodgkin's disease, airway 
obstruction (case history) 1975;54:399 
methemoglobinemia, organic nitrate 
therapy and 1979;58:521 
oncotic pressure, serum and hydrostatic 
pressure differences in critically ill 
patients 1982;61:496 
perfluorocarbons, liquid-gas partition 
coefficients of halothane and 
isoflurane 1984;63:690 
pH dependence of narcotics and 
narcotic antagonists 1976;55:253 
phagocytosis during general anesthesia 
1975;54:501 
plasma concentration after lidocaine 
endotracheal spray 1975;54:438 
plasma, in interstitial lung diseases 
1979;58:13 
plasma levels, arterial and venous 
1976;55:763 
plasma levels, diazepam 1975;54:173 
platelet, aggregation, general anesthesia 
and surgery 1979;58:293 
platelets, halothane effects 1980;59:856 
protamine, toxicity in isolated heart 
tissue 1984;63:1111 
intraoperative replacement (brief 
reports) 1975;54:550 
rheology, review 1978;57:252 
serum creatine phosphokinage, 
malignant hyperpyrexia 1976;55:797 
sickle cell disease, aortic and mitral 
valve replacement (letter) 1982;61:802 
sickle cell disease, dynamics of red 
blood cells, anesthesia 1975;54:361 
solubility (brief reports) 1976;55:593 
transfusion, cardiac failure, associated 
with hypocalcemia 1976;55:34 
treatment of acute loss with 
components 1975;54:01 
unrelenting hypotension, a€sociated 
with an acute abdomen in a comatose 
hemophiliac child 1976;55:346 
use of NaHCO; in administration of 
bank blood (questions and answers) 
1976;55:274 
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Blood—continued 
venous Psp, cardiac disease and 
anesthesia 1980;59:751 
volume 
expansion in interstitial lung diseases 
1979;58:13 
mannitol, effects on blood volume 
and central hemodynamics during 
cerebral aneurysm surgery 
1983;62:875 
volume determination usefulness 
preoperatively (questions and 
answers) 1976;55:275 
volume measurement preoperative 
(questions and answers) 1976;55:275 
Blood patch, see Anesthetic techniques, 
epidural 
Blood pressure 
acute hypotension during laparoscopy 
1975;54:142 
arterial, effect of atropine 1975;54:262 
catheter positioning (brief reports) 
1975;54:696 
internal jugular venipuncture (brief 
reports) 1975;54:157 
monitoring (brief reports) 1975;54:549 
cryptenamine, control of hypertension 
during cardiopulmonary bypass with 
1978;57:54 
diazoxide, hyperglycemic coma 
following 1977;56:506 
hypertension 
due to Ménckeberg’s arteriosclerosis 
1978;57:588 
isoflurane and halothane for CABG 
1983;62:15 
nitroglycerin therapy, pregnant ewes 
1980;59:494 
plasma catecholamine levels during 
anesthesia 1982;61:366 
role of central noradrenergic 
mechanisms 1984;63:482 
hypertonic solutions, hypotension and 
respiratory distress 1979;58:42 
hypotension 
blood loss determination during 
1980;59:203 
(letter) 1982;61:713 
nitroprusside induced, effect on renal 
function 1978;57:521 
supine hypotensive syndrome (brief 
reports) 1976;55:887 
intubation, hypertension 1980;59:367 
measurement 
infants (letter) 1982;61:956 
modification of cuff (letter) 
1982;61:476 
pseudohypotension (letter) 
1982;61:713 
packed red cell 1975;54:89 
perioperative, significance of 
hypotension 1984;63:647 
preoperative computed tomography 
and intracranial pressure 1982;61:430 


servo sys‘ems, control of during 
halothane anesthesia 1982;61:1010 
systemic vascular resistance 
cardiovascular effects of enflurane 
durirg controlled ventilation 
1978;37:619 
effects >f enflurane during 
spon.aneous ventilation 1978;57:610 
see 
Anesthetic techniques, hypotensive 
Arterie. 
Heart 
Measurement techniques 
Monitering 
Book reviews 
Abel EL. Marihuana 1981;60:367 
Abel FL, McCutcheon EP. 
Cardio~ascular function principles 
and apolications 1979;58:534 
Abouleisa E. Pain control in obstetrics 
1978;57-385 
Adams #P, Hahn CEW. Principles and 
practice of blood-gas analysis 
1980;5165 
Aldrete JA, Lowe HJ, Virtue RW. Low 
flow ard closed system anesthesia 
1979;5&352 
Aldrete J=, Stanley TH. Trends in 
intravenous anesthesia 1980;59:812 
AlifimoffJK. Principles and practice of 
blood-sas analysis 1984;63:627 
Allen GE. Dental anesthesia and 
analge ia 1980;59:228 
Alling CE IIL, Mahan PE (eds). Facial 
pain 1£78;57:154 
Americar. Medical Association 
Departnent of Drugs. AMA drug 
evalua-ions, fourth edition 
1980;5¢:638 
Assmanr DC, Hixon SJ, Kacmarek RM. 
Clinical simulations for respiratory 
care 1£79;58:533 
Attia RR. Grogono AW. Practical 
anesthetic pharmacology 1979;58:162 
Barnett WM. Medical emergency 
manul, 3rd ed. 1984;63:471 
Baselt RC. Analytical procedures for 
therapeutic monitoring and 
emergency toxicology 1980;59:522 
Bastron DR, Deutsch S. Anesthesia and 
the kicney 1977;56:760 
Beasley .M, Jones SEF. A guide to 
paediatric anaesthesia 1981;60:231 
Bedord EF. Clinical frontiers in 
anesthesiology 1984;63:377 
Beers RE, Bassett EG. Mechanisms of 
pain and analgesic compounds 
1980;52:82 
Beks JW=, Bosch DA, Brock M (eds). 
Intraczanial pressure III 1977;56:758 
Berk JL, Sampliner JE. Handbook of 
critica. care, second edition 
1982;€1 :626 
Bevan CR. Renal function in 
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anaesthesia and aurgery 1980;59:396 

Bhagat BD. Mode of action of 
autonomic drugs 1979;58:534 

Bircher N. Anesthesiology—problem- 
oriented patient management 
1984;63:378 

Blake TM. The practice of 
electrocardiography 1982;61:549 

Blitt CD. Catheterization techniques for 
invasive cardiovascular monitoring 
1982;61:806 

Blodgett D. Manual of pediatric 
respiratory care procedures 
1983;62:373 

Blodgett D. Manual of respiratory care 
procedures 1983;62:373 

Bochner F, Carruthers G, Kampmann J, 
Steiner J. Handbook of clinical 
pharmacology 1978;57:753 

Bonica JJ, Liebeskind JC, Albe-Fessard 
DG. Advances in pain research and 
therapy 1980;59:165 

Bonica JJ, Liebeskind JC, Albe-Fessard 
DG. Pain——-Association for Research 
in Nervous and Mental Disease, 
volume 58 1980;59:461 

Bonica JJ, Ventafridda V. International 
Symposium on Pain of Advanced 
Cancer—-Advances in pain research 
and therapy 1979;58:445 

Borland LM. Textbook of pediatric 
emergency medicine 1984;63:472 

Bowman WC. Pharmacology of 
neuromuscular function 1983;62:463 

Bradbury M. The concept of a blood- 
brain barrier 1980;59:713 

Branthwaite MA. Anaesthesia for 
cardiac surgery and allied procedures, 
second edition 1981;60:233 

Brewis RAL. Lecture notes on 
respiratory disease, 2nd ed 1981;60:71 

Britt BA. International anesthesiology 
clinics, volume 17 1980;59:396 

Brodsky JB. Clinical aspects of oxygen: 
international anesthesiology clinics, 
volume 19, number 3, fall 1981 
1982;61:71 

Bromage PR. Epidural analgesia 
1979;58:261 

Brown BR. Anesthesia and the patient 
with liver disease 1981;60:772 

Brown BR. Anesthesia and the obese 
patient: contemporary anesthesia 
practice, volume 5 1982;61:310 

Brown BR. Anesthesia and the patient 
with heart disease 1980;59:894 

Brown BR. Anesthesia and the patient 
with endocrine disease 1981;60:365 

Brown BR. Fluid and blood therapy in 
anesthesia 1983;62:1053 

Brown BR. Outpatient anesthesia 
1979;58:352 

Brown RC. Perchance to dream 
1982;61:71 


SUBJECT INDEX 


Brown SS, Mitchell FL, Young D5. 
Chemical diagnosis of disease 
1981;60:365 

Brown TCK, Fisk GC. Anaesthesia for 
children 1980;59:397 

Bruce DL. Functional toxicity of 
anesthesia 1981;60:125 

Bruner JMR. Handbook of blood 

‘pressure monitoring 1979;58:353 

Budassi SA, Barder J, Kimmerle L, Eie 
KF, Cardiac arrest and CPR 
1981;60:232 

Bunker JP, Barnes BA, Mosteller F 
(eds). Costs, risks, and benefits of 
surgery 1978;57:152 
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effect of general anesthesia and 
surgical stress on plasma 
immunoreactivity (abstract) 
1983;62:287 
evoked potentials 
effects of anesthetics on brainstem 
auditory evoked responses 
1982;61:338 
lidocaine and dental-evoked 
potentials 1981;60:779 
evoked responses 
changes with retraction of eighth 
cranial nerve 1981;60:835 
effects of enflurane 1982;61:898 
fentanyl—-morphine effects 1984;63:833 
function, anesthetics and murine 
intelligence 1981;60:794 
gas embolism, encephalography (case 
history) 1976;55:141 
intracranial pressure 
adenosine triphosphate-induced 
hypotension 1984;63:381 
during nifedipine-induced 
hypotension 1983;62:1078 
during tetrodotoxin-induced 
hypotension 1984;63:1005 
effect of CSF volume 1983;62:581 
effects of high-frequency jet 
ventilation 1984;63:1065 
effects of succinylcholine, 
d-tubocurarine, and 
dimethyltubocurarine (abstract) 
1981;60:269 
effects of succinylcholine (letter) 
1984;63:620 
failure of enflurane in altering renal 
responses to 1978;57:200 
fluctuating hypertension due to 
Cheyne-Stokes respiration 
1977;56:216 
lidocaine or thiopental 1980;59:435 
negative end-expiratory pressure and 
(abstract) 1981;60:238 
preoperative computed tomography 
scans 1982;61:430 
rapid reduction, thiopental versus 
lidocaine (abstract) 1980;59:528 
ischemic brain injury 
effect of heparin 1976;55:683 
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nucleus reticularis, halothane-induced 
changes 1980;59:897 
nucleus reticularis gigantocellularis, 
suppression of neurons 1982;61:763 
opiate receptors, role in anesthesiology 
1980;59:874 
pH, cerebral surface, changes during 
asphyxia, hypotension, and 
circulatory arrest in dog 1977;56:817 
pituitary 
alcohol-induced adenolysis and 
cancer pain 1979;58:279 
alcohol-induced adenolysis of, control 
of intractable cancer pain 
1977;56:414 
cholinergic action of thiopental on 
hypothalamohypophyseal axis 
1981;60:310 
preservation 1981;60:821 
seizures, neurologic outcome of cardiac 
arrest (abstract) 1980;59:537 
serotonin, pain and CNS serotonin 
1981;60:854 
synapses, organization of central 
synapses 1983;62:1100 
thiopental protection, neuropsychiatric 
complications of bypass 1982;61:903 
vasomotor center, effects on blood 
pressure 1984;63:482 
Bremazocine, see Analgesics 
Bretylium, see 
Heart,arrhythmias 
Neuromuscular relaxants 
Bromide, see Ions 
Bronchofiberscope, see Equipment 
Bronchopleural fistula, see Complications 
Bronchospasm, see 
Complications 
Lung 
Bronchus, see Lung 
Bupivacaine, see Anesthetics, local 
Buprenorphine, see Analgesics 
Burns, see 
Complications 
Electrical systems 
Butrophanol, see Analgesics 
Calcium, see Ions 
Cancer 
chemotherapy and implications for the 
anesthesiologist 1981;60:425 
immunosuppression, halothane 
1980;59:666 
serum cholinesterase levels 1979;58:82 
volatile anesthetics, trace concentrations 
of 1978;57:328 
Cannulation, see 
Anatomy 
Arteries 
Specific vessels 
Veins 
Capacitance respirometry, see 
Measurement techniques 
Carbon dioxide 
_ absorption, in infant circuit with water 


vaporizer 1978;57:307 
acetazolamide, treatment of metabolic 
alkalosis 1981;60:608 
arterial-alveolar gradients, relationship 
during anesthesia and influencing 
factors 1981;60:508 
cardiopulmonary bypass, effect of 
Paco, on oxygen consumption 
1976;55:269 
cutaneous, evaluation of monitoring 
(abstract) 1981;60:270 
embolism 
death after laparoscopy delayed by 
“trapping” in portal circulation 
1978;57:232 
during laparoscopy 1977;56:650 
extracorporeal circulation, low- 
frequency positive pressure 
ventilation with 1978;57:470 
humidified nonrebreathing system 
(brief reports) 1975;54:271 
hypercarbia, with acute cardiac 
tamponade 1983;62:181 
hypocarbia 
acute hypnocapneic hypokalemia 
1977;56:786 
effect on myocardial function 
1984;63:991 
effects on electrically stimulated atrial 
arrhythmias in digitalized dogs 
1981;60:302 
mechanical hyperventilation 
1980;59:839 
with acute cardiac tamponade 
1983;62:181 
laser microsurgery, larynx and trachea 
(brief reports) 1976;55:146 
level in circle system 1976;55:706 
measurement, detecting anesthesia 
circuit dysfunction 1984;63:536 
monitoring (abstract) 1984;63:275 
output 
anesthetized patient 1975;54:206 
noninvasive measurement 1980;59:263 
production, continuous Vo, and Vcoz, 
measurements during endotracheal 
anesthesia 1982;61:362 
tension . 
cutaneous, intraoperative monitoring 
(abstract) 1982;61:223 
during anesthesia 1983;62:1065 
general anesthesia 1982;61:950 
Pcoz monitoring in neuroanesthesia 
(abstract) 1981;60:270 
transcutaneous, relationship in 
nitrous oxide-fentanyl and nitrous 
oxide—enflurane anesthesia | 
1981;60:504 
thermometric estimation of*carbon 
dioxide output 1975;54:206 
titration, acid base disorders 
1975;54:299 
Carboxyhemoglobin, see Carbon dioxide 
Cardiac output, see Heart 
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Cardiac output—continued 
profound hypothermia 
infants 1975;54:660 
Cardiovascular anesthesia, see Anesthesia 
Cardiovascular system, see 
Arteries 
Heart 
Reflexes 
Veins 
Carlen’s tube, see 
Anesthesia, thoracic 
Anesthetic techniques, endobronchial 
Surgery, thoracic 
Carotid body, see Receptors, 
chemoreceptors 
Carotid endarterectomy, see Surgery, 
neurologic 
CAT scan, see Brain, computerized axial 
tomography 
Catecholamines, see Sympathetic nervous 
system 
Catheterization, cardiac, see Heart 
Catheters, see Equipment 
Caudal anesthesia, see Anesthetic 
techniques, epidural 
Causalgia, see Pain 
Celiac plexus, see 
Anatomy 
Anesthetic techniques, regional 
Sympathetic nervous system 
Centbucridine, see Anesthetics, local 
Cephalothin, see Antibiotics 
Cephapirin, see 
Antibiotics 
Brain, blood flow 
Brain, cerebral blood flow 
Cerebrospinal fluid 
(abstract) 1984;63:180 
B-endorphin, elimination characteristics 
1984;63:511 
density, variability (letter) 1982;61:803 
osmolality, effects on anesthetic 
requirement, compared with brain 
sodium and potassium 1978;57:404 
pH, effect on spinal anesthesia 
1975;54:455 
pressure 
duringeoxygen encephalography 
1976;55:849 . 
effect of succinylcholine 1983;62:1006 
fluctuating intracranial, due to 
Cheyne-Stokes respiration 
1977;56:216 
laryngoscopy during intubation 
1975;54:687 
production, effects of halothane and 
fentanyl 1983;62:581 
reabsorption, effects of halothane and 
fentany!?1983;62:581 
Cesarean section, see Anesthesia, 
obstetric 
Chemodectoma, see Surgery 
Chemoreceptors, see Receptors, - 
chemoreceptors 


Chemotherapy, see Cancer 
Cheyne-Stekes, see Ventilation 
Children, see Anesthesia, pediatric 
Chloralose see Pharmacology 
Chloramprenicol, see Antibiotics 
Chloroform, see Anesthetics, volatile 
Chioroproaaine, see Anesthetics, local 
Choledochaduodenal sphincter, see 
Ane: thesia, biliary tract surgery 
Cholineste-ase, see Enzymes 
Chronotroț y, see 
Heart, atzia 
Heart, palse rate 
Heart, sinoatrial node 
Chymopapain, see Allergy 
Cilia, see 
Lung, trecheal cilia 
Lung, bronchi 
Cimetidine see 
Gastroin#stinal tract, gastric pH 
Gastrointestinal tract, stomach 
Histamine 
Pharmacslogy 
Circuits, aresthetic, see 
Anesthetc techniques 
Equipment, circuits 
Cirrhosis, see Liver 
Citrate, see 
Antacids 
Gastrointestinal tract, antacids 
Clindamyc:n, see Antibiotics 
Clonidine, see Sympathetic nervous 
system, alpha-adrenergic agonists 
Closed circaits, see Equipment, circuits 
Cluneal ne-ve, see 
Complicetions, neuropathy 
Nerve, chineal 
Coagulatioa, see Blood 
Cocaine, se Anesthetics, local 
Codeine, sce Analgesics, narcotic 
Coma, see ~omplications 
Compliance, see 
Heart 
Lung 
Complicatisns 
acupuncture in obstetrics 1975;54:83 
acute ethanol intoxication (brief reports) 
1976;5&=602 
acute hypotension during laparoscopy 
1975;54. 142 
acute maczillary sinusitis, nasctracheal 
intubation (brief reports) 1976;55:885 
acute renal failure, pancuronium 
1976;5= 343 
acute res>iratory failure 1976;55:195 
adult respiratory distress syndrome, 
pancursnium 1975;54:219 
airway otstruction 
mediasinal Hodgkin’s disease (case 
histo-y) 1975;54:399 
alopecia ~980;59:311 
(letter) 1984;63:1142 
teloger effluvium 1984;63:83 
anaphylazis management 1976;55:493 
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anesthesia death 
liability (physician and the law) 
1976;55:759 
no negligence in surgeon’s failure to 
supervise (physician and the law) 
1976;55:459 
angioneurotic edema, anesthetic and 
perioperative management of patient 
with 1977;56:571 
arterial hypoxemia, caused by 
intravenous ketamine 1976;55:311 
arthritis, anesthetic management in 
1981;60:611 
arthritis, rheumatoid, cricoarytenoid 
joints 1975;54:742 
aspiration 
antacids and gastric acid 
neutralization 1984;63:325 
antacids in rabbits 1982;61:288 
blind esophageal intubation to divert 
gastric contents (correspondence) 
1977;56:598 
effects of intravenous cimetidine and 
metoclopramide 1984;63:599, 1014 
laryngospasm as early indicator of 
1978;57:119 
(letter) 1984;63:1142 
pneumonia prophylaxis (editorial) 
1983;62:1055 
preanesthetic glycopyrrolate and 
cimetidine 1984;63:40 
pulmonary effects of volume and pH 
1984;63:665 
silent gastropharyngeal regurgitation 
during anesthesia 1981;60:655 
tracheal 1976;55:816 
aspirin intolerance 1975;54:376 
asthma 
bronchial pharmacology (editor’s 
choice) 1975;54:227 
perioperative management 
1984;63:844 
atelectasis, during anesthesia 
1980;59:792 
atypical pseudocholinesterase 
1976;55:243 
auditing, incidence 1984;63:611 
Bartter’s syndrome, anesthetic 
implications 1981;60:764 
blindness, following attempted stellate 
ganglion block 1981;60:689 
bradycardia and junctional rhythm, 
following succinylcholine, atropine 
1975;54:705 
brain damage 
cardiac arrest (physician and the law) 
1975;54:778 
during appendectomy (physician and 
the law) 1976;55:45 
bronchopleural fistula, use of 
intraoperative dual-mode 
independent lung 1981;60:118 
bronchopleural-cutaneous fistula (brief 
reports) 1976;55:874 
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bronchospasm 1983;62:104 
bronchospasm during anesthesia 
1975;54:783 
bupivacaine, compared with etidocaine 
_ for vaginal delivery 1975;54:250 
burns 
diazepam kinetics 1983;62:293 
(letter) 1984;63:1141 
pharmacokinetics of d-tubocurarine 
1982;61:241 
transcutaneous electronerve analgesia 
(letter) 1982;61:801 
cardiac arrest 
after intratracheal epinephrine 
1984;63:829 
asystole after single dose of 
succinylcholine 1978;57:135 
cardiopulmonary resuscitation with 
interposed abdominal compression 
1982;61:645 
following pneumonectomy and 
pericardiotomy 1978;57:501 
with electromechanical dissociation 
1978;54:498 
cardiac catheterization, 
hydromediastinum after 1980;59:159 
cardiac decompensation, during 
enflurane anesthesia (case history) 
1976;55:433 
cardiac failure, associated with 
hypocalcemia 1976;55:34 
cardiovascular collapse, following 
phytonadione (brief reports) 
1976;55:304 
cardiovascular effects, of isoflurane and 
halothane during controlled 
ventilation 1975;54:701 
catheter tip design, influence on 
tracheobronchial trauma and fluid 
aspirations efficiency 1976;55:290 
choledochoduodenal sphincter spasm, 
biliary spasm and fentanyl 
1981;60:638 
circulatory changes, during anesthetic 
induction 1976;55:77 
coma, hyperglycemic, following 
diazoxide 1977;56:506 
congenital lobar emphysema (case 
history) 1976;55:869 
corneal injuries, during general 
anesthesia 1975;54:465 
cricothyroid membrane puncture (case 
history) 1976;55:299 
decreased arterial oxygenation, sodium 
nitroprusside (brief reports) 
1976;55:880 
defective disposable endotracheal tube 
(brief reports) 1976;55:437 
dental, traumatic tooth avulsion 
1982;61:469 
Dercum’s disease, management of 
intractable pain with intravenous 
lidocaine 1976;55:257 
difficult extubation of an endotracheal 
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tube cuff (brief reports) 1976;55:876 
diffuse bleeding, diathesis of uncertain 
origin 1976;55:173 
disconnections (letter) 1983;62:1134 
Down’s syndrome, congenital lobar 
emphysema (case history) 1976;55:869 
drug interaction, muscle relaxants and 
antibiotics 1976;55:224 
drug-drug interactions (editor’s choice) 
1975;54:76 
dystonia musculorum deformans 
1984;63:616 
Ebstein's anomaly, prolonged induction 
in 1981;60:909 
edema, progesterone for Pickwickian 
syndrome, respiratory implications 
1977;56:133 
effect of halothane on isometric twitch 
and tetanus response 1975;54:527 
effect of heparin on recovery from 
ischemic brain injuries 1976;55:683 
effect of ketamine on cardiovascular 
dynamics 1975;54:588 
effect of morphine on renal function 
1975;54:357 
effect of patient age, pH of 
cerebrospinal fluid and vasopressors 
on spinal anesthesia 1975;54:455 
Eisenmenger syndrome, general 
anesthesia in presence of 1977;56:543 
electroconvulsive therapy ina 
parturient 1975;54:203 
electrocorticographic seizure activity 
1975;54:722 
embolism, air 1975;54:792 
emergency surgery during acute 
myocardial infarction (case history) 
1975;54:267 
endotracheal intubation 
croup in children 1977;56:501 
sublingual hematoma following 
laryngoscopy 1979;58:343 
vocal cord paresis following 
(questions and answers) 1977;56:321 
epidermolysis bullosa 
emergency cesarean section with 
1978;57:281 
ketamine anesthesia in 1977;56:398 
epidural abscess, following spinal 
anesthesia 1978;57:351 
epidural blood patch 1975;54:459 
epiglottitis 
children 1975;54:622 
criteria for extubation (abstract) 
1982;61:211 
duration of intubation and fever 
1983;62:785 
extubation criteria for children (letter) 
1984;63:468 
esophageal stethoscope, tracheal 
insertion of 1977;56:584 
ether skin prep, use of electrocautery 
(questions and answers) 1975;54:210 


_ exposure 1975;54:449 


fatality from swallowed denture, 
following prolonged endotracheal 
intubation (brief reports) 1976;55:438 
fibrinogen and albumin deficiencies, 
associated with packed red blood cell 
transfusions 1975;54:89 
fire hazard, ASA committee, operating 
room humidity (questions and 
answers) 1976;55:134 
fire hazard, carbon dioxide laser 
microsurgery (brief reports) 
1976;55:146 
fires, nonflammable in operating room 
(case history) 1975;54:152 
fires, potential ignition source in 
operating room 1976;55:217 
fluroxene toxicity 1976;55:529 
gas embolism, encephalography (case 
history) 1976;55:141 
general anesthesia, mental aberrations 
1975;54:609 
Hallermann-Streiff syndrome, 
anesthetic management 1979;58:254 
hazards 
in use of anode endotracheal tube 
1975;54:710 
of disposable rebreathing circuits 
(brief reports) 1976;55:743 
headache 
postdural puncture, chronic pain 
1980;59:772 
spinal, epidural anesthesia following 
epidural blood patch 1978;57:272 
heart block and artificial cardiac 
pacemakers, anesthesia for patients 
with 1976;55:626 l 
heart failure after cardiopulmonary 
bypass, vasodilation (case history) 
1975;54:842 
hematoma, epidural blood patch 
technique 1980;59:702 
hiccups, technique to stop during 
endotracheal intubation (letter) 
1981;60:121 
homocystinuria, anesthetic 
considerations and 1982;61:708 
humidification, indications and hazards 
in respiratory therapy 1975)54:444 
hypercapnia, during cyclopropane 
anesthesia (brief reports) 1976;55:439 
hypertension, Wilms’ tumor 1976;55:519 
hypertension and decreased renal blood 
flow, following methylene blue 
injection 1976;55:674 
hypotension, comatose hemophiliac 
child 1976;55:346 
hypothermia, during cystoscopy in 
neonates (brief reports) 1976;55:592 
inadequate epidural analgeSia 
1975;54:593 
inadvertent epidural injection of 
thiopental (brief reports) 1975;54:406 
increased cerebrospinal fluid pressure 
1975;54:687 
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Complications—continued 

increased succinylcholine, following 
d-tubocurarine pretreatment 
1975;54:282 

infarction, anesthesia for patients early 
after 1976;55:640 

infections 
effect of succinylcholine on serum 

potassium 1983;62:327 

with gas gangrene 1976;55:247 

innominate artery compression, 
simulating cardiac arrest during 
mediastinoscopy 1976;55:748 

interaction of epinephrine with 
enflurane, isoflurane and halothane 
1976;55:709 

interscalene cervical plexus block 
1975;54:370 

intramuscular ketamine, pediatric 
radiotherapy 1976;55:92 

intraocular pressure 
electroshock therapy 1975;54:479 
following enflurane anesthesia 

1975;54:212 

intubation, endotracheal, management, 
prone position 1980;59:700 

ketamine, in pediatric dentistry 
1975;54:248 

kyphoscoliosis, epidural anesthesia for 
cesarean section in 1978;57:125 

laryngeal stenosis in acromegaly 
1976;55:57 

laryngotracheal residue during 
endotracheal anesthesia 1976;55:392 

lincomycin-curare interaction 
1975;54:103 

lorazepam reveral 1975;54:607 

lumbar epidural anesthesia, effect on 
fetal heart rate 1975;54:779 

lumbar puncture, CSF cutaneous fistula 
(case history) 1975;54:691 

lumbosacral plexus block 1976;55:350 

malignant hyperpyrexia, preplanned 
treatment 1976;55:713 

malignant hyperthermia, enflurane 
1975;54:47 

medullary narcosis (editor's choice) 
1975;54:579 

meningitis, spinal anesthesia 
1983;62:513 

meningoencephalocele, anesthesia 
induction in infant with, and frontal 
dysplasia 1977;56:736 

methoxyflurane biotransformation, and 
renal function 1976;55:415 

multiple exposures, halothane 
1975;54:332 

muscular dystrophy, anesthetic hazard 
1975;54:212 

muscular dystrophy, massive 
myoglobinuria, halothane and 
succinylcholine 1976;55:680 

myasthenia gravis 
and pregnancy 1978;57:441 


anestlesia for transcervical 
thymectomy in 1976;55:13 
atracu~ium-induced anesthesia 
198¢;63:1127 
curare sensitivity in (correspondence) 
197€;57:515 
curare sensitivity in steroid-treated 
197E;57:132 
ester type local anesthetic (questions 
and answers) 1975;54:506 
myocarcial infarction, effects on 
perioperative cardiac complications 
1983;62:493 
myoglokinuria, precipitated by 
halothane and succinylcholine 
1976;55:680 
myotonia atrophia, cardiac 
decompensation, enflurane (case 
histor) 1976;55:433 
myotonia dystrophica, anesthetic 
hazarc. 1975;54:212 
nasotracneal extubation, unusual 
problen in (brief reports) 1976;55:302 
neurofib-omatosis, renal hypertension 
(case Listory) 1975;54:542 
neurologic 
cervicel plexus damage, back roll 
198261:471 
cluneai, and pain following 
intregluteal injection 1978;57:138 
follow-ng epidural or spinal 
anesthesia 1981;60:150 
intraoperative awakening for early 
recognition of possible neurologic 
sequelea during Harrington rod 
spireal fusion 1976;55:526 
penicilin (letter) 1979;58:63 
transient lower extremity weakness 
198E60:527 
ulnar aerve palsy 1981;60:687 
neurops~chiatric, cardiopulmonary 
bypass 1982;61:903 
obesity 
arteria. oxygenation 1981;60:691 
cephakd spread of analgesia 
follcwing bupivacaine and 
198(259:89 
compazison of intramuscular and 
epidural morphine for 
postoperative analgesia 1984;63:583 
continous epidural anesthesia for 
cesarean section 1979;58:348 
effect of position on postoperative 
oxygenation 1976;55:37 
enflurane blood-gas solubility 
198261:1006 
fluorice levels during and after 
enflarane 1979;58:409 
gastric secretions 1981;60:37 
halothane metabolite binding 
198E60:548 
intubacion with modified 
laryagoscope (letter) 1981;60:120 
midlire incision, postoperative 
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alveolar-arterial oxygen tension 
difference 1975;54:433 
postoperative hypoxemia (abstract) 
1980;59:534 
postoperative ventilatory failure 
1975;54:523 
progesterone for Pickwickian 
syndrome, respiratory implications 
1977;56:133 
prone positioning in (letter) 
1981;60:537 
spread of epidural anesthesia 
1981;60:421 
supine death syndrome 1979;58:345 
supine death syndrome (letter) 
1980;59:81 
thoracic epidural vs balanced 
anesthesia 1980;59:902 
occlusion, arterial cannulation 
1975;54:836 
paralysis 
flaccid, following obstetrical epidural 
anesthesia: possible role of benzyl 
alcohol 1977;56:219 
nitroprusside and epidural analgesia 
1981;60:61 
resistance to neuromuscular 
relaxants, patients with hemiplegia 
1980;59:624 
Parkinsonism, levodopa effects on 
halothane anesthesia 1975;54:178 
parturient with cardiac valve prosthesis 
1976;55:214 
pericardectomy, uremic pericardial 
effusion 1976;55:378 
perioperative awareness and recall 
1976;55:513 
phagocytosis during general anesthesia 
1975;54:501 
pneumatocele of the larynx (brief 
reports) 1976;55:600 
pneumocephalus, nitrous oxide 
1981;60:57 
pneumonia, effects of positive end- 
expiratory pressure 1979;58:208 
pneumonitis, preanesthetic 
glycopyrrolate and cimetidine 
1984;63:40 
pneumoperitoneum 
craniofacial reconstruction 1982;61:146 
tension (letter) 1982;61:624 
pneumothorax, mechanical ventilation 
1975;54:730 
postoperative, in surgery for congenital 
heart disease 1984;63:657 
postoperative hypoxemia 1976;55:822 
postoperative ventilatory failure, 
myopathic process 1975;54:523 
postpartum, hypertension and 
convulsion after oxytocic drugs 
1976;55:813 
postspinal headache 
epidural autologous blood patch 
treatment on an outpatient basis 
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(letter) 1984;63:962 
epidural blood patch treatment 
1984;63:1033, 1121 
priapism 
a therapeutic challenge (letter) 
1983;62:1136 
ketamine and physostigmine 
1982;61:705 
profound hypothermia, infants 
1975;54:660 
progeria 1979;58:424 
prolonged apnea, after siiccinylcholine 
(case history) 1976;55:737 
prolonged neuromuscular blockade 
1976;55:353 
propranolol 
and surgical anesthesia 1976;55:01 
in cardiac surgery 1975;54:571 
pseudoxanthoma elasticum, anesthetic 
considerations in 1981;60:344 
pulmonary edema 1984;63:363 
pulmonary hemorrhage, complicating 
pulmonary embolectomy 1976;55:182 
pulseless disease, anesthetic 
management 1983;62:532 
radiation, and succinylcholine 
hyperkalemia 1982;61:83 
refusal of surgery, following Innovar 
1975;54:224 
renal effects, metabolism of sevoflurane 
and methoxyflurane 1975;54:829 
renal failure, succinyicholine effect on 
potassium 1975;54:746 
respiratory, and COPD during 
anesthesia 1983;62:975 
respiratory depression, doxapram 
1975,54:352 
respiratory distress, with cardiovascular 
anomaly 1976;55:481 
respiratory infections, subacute, in 
small children 1979;58:331 
resuscitation 
after intratracheal epinephrine 
1984;63:829 
interposed abdominal compression 
1982;61:645 


reversal of datura stramonium delirium, 


with physostigmine (brief reports) 
1975;54:158 

rheumatoid arthritis, cricoarytenoid 
joints 1975;54:742 

Romano-Ward syndrome, stellate 
ganglion block and idiopathic 
prolongation of the Q-T interval with 
cardiac arrhythmia 1976;55:782 

Rubinstein-Taybi syndrome, anesthetic 
problems in 1981;60:534 

shearing hazard of intra-arterial Teflon 
catheters (brief reports) 1976;55:597 

sickle cell disease, anesthesia 
1975;54:361 

spinal cord injuries, anesthesia and 
autonomic hyperreflexia 1982;61:344 

stellate ganglion block 1975;54:567 


subarachnoid intracranial pressure 
1975;54:494 
subdissociative dosage, ketamine 
1975;54:312 
succinylcholine, avoidance of side 
effects (questions and answers) 
1975;54:637 
supine hypotensive syndrome, intra- 
abdominal mass (brief reports) 
1976;55:887 ° 
thromboembolism, after total hip 
replacement 1983;62:174 
- trachea, epithelium 1975;54:340 
trachea, stenosis 1976;55:191 
tracheal aspiration 1976;55:816 
tracheal bronchus, unusual airway 
problem (brief reports) 1976;55:746 
tracheal intubation 1984;63:335 
treating acute heroin and methadone 
toxicity (editor’s choice) 1976;55:607 
urticaria, pigmentosa, general 
anesthesia in a child 1980;59:704 
vanishing lung syndrome, anesthesia 
1976;55:750 
ventricular arrhythmias, following 
epinephrine injection 1975;54:468 
vitrectomy 1975;54:58 
Wegener's granulomatosis, case report 
and literature review 1978;57:353 
wheezing, negative expiratory pressure 
1979;58:49 
Computerized axial tomography, see 
Brain 
Computers 
anesthesia interviews, summary of 
patients’ preanesthesia visit 
1980;59:03 
computer assisted instruction, 
cardiopulmonary resuscitation 
1975;54:308 
Conduction, see Heart 
Conduction anesthesia, see Anesthetic 
techniques, epidural, regional, 
spinal 
Connectors, see Equipment 
Contrast media, see Surgery, 
cardiovascular 
Convulsions, see 
Anticonvulsants 
Brain 
Complications 
Toxicity 
Coronary, see Heart, blood flow 
Coronary heart disease, see Heart 
Corrections 
first paragraph under discussion in 
comparison of methotrimeprazine 
and meperidine as components of 
balanced anesthesia which appeared 
1976;55:46 
Corticosteroids, see 
Hormones 
Metabolism 
Cosmetic surgery, see Surgery, plastic 
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CPAP, see Ventilation, continuous 
positive pressure 
Croup, see Larynx, edema 
Cryptenamine, see 
Anesthetic techniques, hypotensive 
Sympathetic nervous system, 
sympatholytic agents 
Cuffs, endotracheal, see Equipment 
Curare, see Neuromuscular relaxants, 
d-tubocurarine 
Cyanide; see Anesthetic techniques, 
hypotension-induced, hypotensive, 
nitroprusside 
Toxicity, nitroprusside 
Cyclopropane, see Anesthetics, gases 
Dantrolene, see 
Hyperthermia, malignant 
Neuromuscular relaxants 
Datura stramonium delirium 
physostigmine (brief reports) 
1975;54:158 
Dead space, see Ventilation 
Defibrillation, see 
Equipment 
Heart 
Denitrogenation, see Induction, 
_ anesthesia 
Dental anesthesia, see Anesthesia, dental 
Depth, anesthetic, see 
Anesthesia 
Individual anesthetics 
Measurement techniques 
Potency, anesthetic 
Dextran, see 
Anesthetics, local 
Blood replacement 
Dezocine, see 
Analgesics, narcotic 
Diabetes, see 
Complications 
Metabolism 
Diacetylmorphine, see Heroin 
Diamorphine, see Heroin 
Diazepam, see 
Anticonvulsants 
Hypnotics, benzodiazepines 
Premedication 
Diazoxide, see Blood pressure e 
Dibucaine, see Anesthetics, local 
Diethyl ether, see Anesthetics, volatile 
Diethylstilbestrol, see Pharmacology 
Digitalis, see Heart 
Digoxin, see Heart 
Dimethyltubocurarine, see 
Neuromiuscular relaxants, 
metocurine 
Dioxychlorane, see Anesthetics, volatile 
Diuretics, see Kidney 
Dobutamine, see 
Heart 
Sympathetic nervous system 
Domperidone, see Vomiting, antiemetics 
Dopamine, see 
Heart 
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Dopamine—continued 
Pharmacology 
Sympathetic nervous system, dopamine 
Doppler ultrasound, see 
Equipment 
Measurement techniques 
Doxepin, see Ataractics, antidepressants 
Droperidol, see Anesthetics, intravenous 
Drug addiction, see Analgesics 
Drug interaction, see Interactions, (drug) 
d-tubocurarine, see Neuromuscular 
relaxants 
Duration, see Anesthesia 
Dystonia musculorum deformans, see 
Complications 
Dystrophy, see Sympathetic nervous 
system 
Ear, tympanic membrane, rupture with 
nitrous oxide 1978;57:283 
Ebstein’s anomaly, see Complications 
ECG, see Heart, electrocardiography 
Echocardiography, see 
Heart 
Measurement techniques 
Eclampsia, see 
Anesthesia, obstetric 
Complications 
Edema, see 
Complications, lung 
Lung 
Edrophonium, see Antagonists, 
neuromuscular relaxants 
Education 
evaluation 1975;54:553 
gossip and acquisition of knowledge 
1978;57:519 
lecture slides, visual communication 
1976;55:6 
medical students 
anesthesia orientation 1975;54:328 
changing specialties 1982;61:504 
national survey of attitudes of 
1979;58:201 
views of anesthesiology (letter) 
1979;58:443 
performance evaluation 
continuous lumbar epidural 
anesthesia 1981;60:543 
«~» . correlation between skill and 
‘knowledge 1984;63:603 
: responsibilities and leadership in health 
sciences 1981;60:658 
Eisenmenger syndrome, see 
Complications 
Heart 
Ejaculation, see Complications 
EKG, -see Heart, electrocardiography 
Electrical systems 
burns, battery-operated Doppler 
monitor, 1979;58:339 
Electroanesthesia, see Anesthetic 
techniques, electronarcosis 
Electrocardiography, see 
Heart 


Monitor ng 
Electrocorvulsive therapy, see 
Anesthesia, electroshock 
Electrodes. see 
Complieitions, burns 
Heart, eectrocardiography 
Measurement techniques, oxygen, 
carbor dioxide, pH 
Electroen@phalogram, see 
Brain 
Monitormg 
Electrolytes, see 
Ions, 
Acid-Ba. e equilibrium 
Electromy gram, see 
Measurement techniques 
Muscle, skeletal 
Electroshczk therapy, see Anesthesia 
Embolism. 
air 
(abstract) 1984;63:220, 221 
assocãted with pulmonary arterial 
catketers 1984;63:871 
compwrison of external cardiac 
massage, intracardiac aspiration, 
and left lateral decubitus position 
1973;57:166 
direct:scintigraphic visualization 
(abstract) 1983;62:250 
effect of PEEP during sitting 
neurosurgical procedures (abstract) 
198 _;60:262 
experamental evaluation of methods 
used for prevention (abstract) 
198.3;62:287 
kinetizs of (abstracts) 1983;62:250 
nitrous oxide and (letter) 1982;61:956 
posto erative 1980;59:297 
residual intravascular pulmonary gas 
follewing 1982;61:304 
venous 1982;61:65 
amnioti- fluid, during curettage for 
missed abortion 1977;56:739 
carbon dioxide, death after laparoscopy 
delay-d by “trapping” in portal 
circulution 1978;57:232 
gas 
aspiretion or carbon dioxide (letter) 
1983;62:368 
during laparoscopy 1977;56:650 
encephalography (case history) 
1973;55:141 
lasers for urethral surgery (letter) 
1982;61:160 
paradomical, effects of positive end- 
expiretory pressure 1984;63:429 
therapeatic, chloroprocaine for pain 
contre] 1981;60:02 
thrombsxembolism (letter) 1984;63:374 
venous air, surface-active agent 
1975;£4:792 
Emergence, see Recovery 
Endobrorchial, see 
Anesthesia, thoracic 
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Anesthetic techniques 
Equipment, endobronchial 
Surgery, thoracic 
Endobronchial techniques, see Anesthetic 
techniques 
Endorphins, see 
Brain 
Polypeptides 
Endotracheal tubes, see 
Equipment, tubes 
Intubation 
Enflurane, see Anesthetics, volatile, 
enflurane 
Enzymes 
adenylate cyclase 
and phosphodiesterase, halothane 
effects 1980;59:856 
halothane-induced depression of 
myocardial contractility 1984;63:285 
cholinesterase 
activity during prolonged 
succinylcholine infusion 1982;61:941 
activity in bank blood 1980;59:211 
and increased sensitivity to 
succinylcholine 1978;57:422 
antagonism of phase II block (letter) ` 
1981;60:911 
correlation of plasma activity and 
duration of succinylcholine during 
pregnancy 1977;56:78 
inhibitor poisoning in obstetrics 
(letter) 1983;62:1135 
inhibitor poisoning in pregnant 
women 1983/62:233 
levels in cancer patients 1979;58:82 
levels, pregnancy 1982;61:953 
measurement of pseudocholinesterase 
(letter) 1983;62:617 
plasma pseudocholinesterase 
deficiency, and diethylstilbestrol 
therapy 1978;57:726 
pseudocholinesterase levels in 
pregnancy (letter) 1983;62:783 
fructose-1, 6-diphosphatase, anesthetic 
management of patient with 
hereditary deficiency 1978;57:503 
methionine synthetase, inactivated by 
nitrous oxide 1982;61:75 
phosphorylase, susceptibility to 
malignant hyperthermia 1983;62:324 
pseudocholinesterase 
pseudocholinesterase atypical 
1976;55:243 
cocaine and succinylcholine 
sensitivity 1979;58:235 
` succinylcholine-induced fasciculation 
as.indicator of atypical 1984;63:869 
Ephedrine, see Sympathetic nervous 
system, sympathomimetic agents 
Epidermolysis bulbosa, see 
Complications 
Epidural, see Anesthetic techniques, 
epidural 
Epiglottitis, see Complications 
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Epinephrine, see 
Catecholamines 
Heart, arrhythmias 
Sympathetic nervous system, 
epinephrine 
Equipment 
absorbers, soda lime contamination 
(letter) 1980;59:711 
advantages of infant ventilators over 
adapted adult ventilators 1976:55:769 
airway 
intubation (letter) 1982;61:309 
method for blind oral intubation of 
trachea or esophagus 1977;56:866 
airways, oral, modification of as bite 
block (letter) 1980;59:225 
ampules, sterilization by ethylene oxide 
(questions and answers) 1977;56:743 
anesthesia machines 
detection of faults 1984;63:779 
disconnections (letter) 1984;63:702 
gas circuit failure (letter) 1984;53:1047 
hazards 1976;55:26 
malfunction (abstract) 1983;62:265 
malfunction occurring after routine 
preventive maintenance inspection 
(letter) 1983;62:701 
narrow bore tubing (letter) 1984;63:92 
test for leaks (letter) 1983;62:855 
unusual disconnection 1983;62:696 
blood warmer (brief reports) 1975;54:155 
bottle adapter, for vaporizers, hazards 
of (correspondence) 1978;57:596 
breathing bags, resuscitation, manually 
operated self-inflating 1977:56:202 
bronchofiberscope, jet ventilation 
1980;59:350 
bronchoscope, fiberoptic 
for difficult nasogastric intubation 
1981;60:904 
new techniques (letter) 1981;60:617 
calibration of the Narkotest gas 
monitor, for isoflurane (brief reports) 
1976;59:441 
Carlens tube 1976;55:340 
Carlen tube insertions (brief reports) 
1976;55:882 
catheters 
(abstract) 1984;63:200 
aspiration efficiency, influence of 
suction catheter tip design 
1976;55:290 
balloon-tipped, use in bronchial 
blockade (brief reports) 1976;55:874 
central venous 1984;63:949 
central venous pressure 1984;63:953 
epidural, fusion between catheter and 
stylet 1980;59:516 
flow-directed 1983;62:285 
flow-directed, aortocoronary bypass 
surgery (abstract) 1982;61:221 
flow-directed, complications during 
open heart surgery (abstract) 
1983;62:236 
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flow-directed, guide-wire technique 
replacement 1980;59:455 
flow-directed, hemoptysis and 
1979;58:153 
flow-directed, indications for (letter) 
1982;61:477 
flow-directed, inflating characteristics 
1983;62:363 
flow-directed, inflation and pressure 
(letter) 1984;63:467 
flow-directed, mixed venous blood 
samples in severely traumatized 
patients 1977;56:527 
flow-directed, nitrous oxide and 
(letter) 1982;61:308 
intraarterial Teflon, shearing hazard 
(brief reports) 1976;55:597 
intracardiac knotting of 1980;59:217 
intravenous and side port functional 
gauge 1981;60:06 
intravenous, displacement of right 
atrial and endotracheal, with neck 
flexion 1978;57:371 
intravenous, for rapid fluid infusion 
(letter) 1981;60:696 
introducer for percutaneous 
cardiovascular catheters (brief 
reports) 1976;55:148 
(letter) 1984;63:168, 963 
pulmonary arterial 1984;63:772, 871 
pulmonary artery, pathophysiology of 
rupture by balloon-tipped catheters 
1983;62:925 
Swan-Ganz (brief reports) 1975;54:649 
Swan-Ganz introducer wire (letter) 
1981;60:67 
technique to replace central venous 
catheter with pulmonary arterial 
catheter (letter) 1981;60:229 
tracheobronchial suction 1976;55:290 
vascular 1982;61:871 
venous, comparison of two different 
J-wires for cannulation via the 
external jugular vein 1983;62:365 
venous (letter) 1984;63:1143 
central venous pressure, Swan Ganz 
pressure monitor (brief reports) 
1975;54:549 
circuits 
(abstract) 1984;63:273 
anesthetic, and inflow requirements 
(correspondence) 1978;57:750 
Bain circuit 
continuous Vo, and VCO: 
measurements during 
endotracheal anesthesia 
1982;61:362 
characteristics of Bain circuit 
1977;56:822 
evaluation of Bain circuit 1977;56:84 
fresh gas flow requirement with the 
Bain circuit during controlled 
ventilation (abstract) 1983;62:291 
nonrebreathing, Bain, 


characteristics of 1977;56:822 
circle system, relation of Paco, to 
fresh gas flow 1976:55:706 
circle systems 1976;55:724 
closed circuits 
accumulation of methane, acetone, 
and nitrogen (abstract) 
1981;60:267 
Columbia pediatric circle (brief 
reports) 1976;55:877 
compromise for closed system 
1978;57:18 
nonrebreathing 
characteristics of Bain anesthesia 
circuit (correspondence) 
1978;57:375, 377 
rebreathing circuits, disposable, 
(brief reports) 1976;55:743 
tube support strap (letter) 
1982;61:160 
safety valve for the pediatric Rees 
system (brief reports) 1976;55:741 
computed tomography, and intracranial 
pressure 1982;61:430 
connectors, faulty Y~piece (letter) 
1981;60:121 
“continuously-on” suction valve (brief 
reports) 1975;54:695 
cuffs, endotracheal tubes 
changes in and, intrathoracic large 
airway circumference 1982;61:693 
clinical evaluation 1980;59:291 
herniation of, as cause of airway 
obstruction 1978;57:114 
high volume, low pressure airway 
cuffs 1975;54:340 
low pressure endotracheal tube cuffs 
(brief reports) 1976;55:595 
pathology following short-term 
intubation with 1978;57:577 
significance of PcO2 (brief reports) 
1976;55:595 
disconnections (letter) 1983;62:1134 
Doppler ultrasound 
blood pressure monitoring 
1979;58:526 
electrosurgical burn and 1979;58:339 
ECG lead, precordial (brief ports) 
1976;55:740 
ECG monitor, rechargeable (questions 
and answers) 1976;55:613 
exhaust systems 
hazards of an anesthetic scavenging 
device (letter) 1983;62:458 
ventilator alarm nonfunction 
1983;62:230 
cost of scavenging (editorial) . 
1979;58:265 
Drager scavenging interface system 
for wall suction 1979;58:327 
gas evacuator, Jackson-Rees system 
(brief reports) 1976;55:881 
gas-scavenging. (brief reports) 
1976;55:881 
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Equipment—continued 
exhaust system—continued 
gas scavenging (letter) 1982;61:162 
hazards of gas scavenging 1978;57:286 
hazards of scavenging systems (letter) 
1980;59:162 
mechanical aspects of anesthetic 
pollution control 1977;56:769 
monitoring occupational exposure to 
inhalation anesthetics 1977;56:778 
operating room pollution, 
governmental perspectives and 
guidelines 1977;56:775 
pediatric, waste gas scavenging valve 
for 1977;56:291 
pneumothorax from suction applied 
to ventilator 1979;58:147 
scavenging of anesthetic gases (letter) 
1980;59:163 
servo systems, comparison of 
anesthetist and machine 
performance 1984;63:715 
servo systems, control of arterial 
blood pressure during halothane 
anesthesia 1982;61:1010 
filters . 
bacterial, resistance in. 
(correspondence) 1978;57:515 
blood filters for massive transfusions 
(questions and answers) 1975;54:45 
blood filters in respiratory failure 
(abstract) 1980;59:539 
gas line, cause of hypoxia 1980;59:617 
pore size of filters (questions and 
answers) 1975;54:45 
respiratory-circuit bacterial, water- 
induced resistance in 1978;57:269 
transfusion 1978;54:463 
head straps 1980;59:457, (letter) 
1980;59:808 
heart assist, left, postperfusion low 
cardiac output 1977;56:402 
humidifiers — 
adult body temperature and heated 
humidification of anesthetic gases 
during general anesthesia 
1981;60:736 
alteratien of halothane (letter) 
1980;59:518 
anesthetic gases 1979;58:216 
artificial noses for use during 
endotracheal anesthesia 1983;62:758 
body temperature decrease (letter) 
1982;61:393 
contamination, by bacteria 1978;57:191 
heated water humidifier with rotating 
wick 1979;58:244 
immersion heater humidifiers 
1976;55:331 
infant circuit, warmed by carbon 
dioxide neutralization 1978;57:307 
(letter) 1983;62:460 
maintenance of body temperature 
1976;55:719 


nonreb eathing system (brief reports) 
197554:271 
of aneschetic systems 1975;54:50 
Pall bacterial filter 1984;63:566 
percola-or vaporizer 1981;60:146 
laryngos@pe 
bulb (questions and answers) 
197554:505 
fiberop-ic 1977;56:126 
fiberopic, guide and protector 
197756:126 . 
fiberopic stylet 1984;63:16 
fiberop-ic with remote light source 
198150:841 
indirec—direct laryngoscope (brief 
reports) 1975;54:404 
modified for intubation of obese 
patients (letter) 1981;60:120 
pediatrc use (letter) 1983;62:241 
lasers 
anesthesia for surgery 1983;62:218 
fire hazards (letter) 1982;61:546 
microsargery, larynx and trachea 
(brie: reports) 1976;55:146 
urethral surgery (letter) 1982;61:160 
microwa¥*e 
physioxgic effects of rewarming, 
possdle application for neonatal 
cardec surgery 1979;58:297 
rewarming (letter) 1980;59:161 
monitorizg, hemodynamic tracking 
system: 1980;59:169 
nebulizes 
aerosol anesthesia of airway 
198059:803 
contamination (correspondence) 
197857:748, 749 
for anesthesia circuits (letter) 
1981 50:537 
needles 
compazson of insulated and 
uninsulated needles for locating 
peripheral nerves 1984;63:925 
compa-ison of insulated vs 
uninsulated needles for electrical 
nerv=2 location 1984;63:919 
Lee medification of the Tuohy needle 
. (letter) 1984;63:1048 
Tuohy in paramedian approach for 
pericural block 1977;56:582 
nerve stimulators 
compa-ison of insulated and 
unirsulated needles for locating 
perif-heral nerves 1984;63:925 
compaczison of insulated vs 
unirsulated needles for electrical 
nerv2 location 1984;63:919 
compeitive neuromuscular block 
1975.54:649 
for monitoring and performing 
neuromuscular blockade 1978;57:13 
peripheral nerve stimulator (questions 
and answers) 1975;54:297 
transcutaneous, treatment of reflex 
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sympathetic dystrophy in a 6-year- 
‘old 1977;56:438 
nuclear magnetic resonance (letter) 
1984;63:622 
obstetric side brace (letter) 1984;63:1046 
operating tables, neurosurgical 
operations, patient with lateral 
position 1980;59:503 
oxygen analyzers, disconnections 
(letter) 1984;63:464 
pacemakers 
anesthesia 1976;55:626 
electrocautery-induced (letter) 
1984;63:541 
PEEP device, for a manual bag 
ventilator (brief reports) 1976;55:745 
plethysmograph, photoelectric digital 
1975;54:289 
eae sing : 
aid to rapid infusion 1979;58:155 
hypotension caused by failure of 
pump 1979;58:250 
pressurized system for fluid 
resuscitation 1984;63:779 
resuscitation bags 1975;54:133 
sphygmomanometer, possibly related to 
ulnar nerve palsy 1981;60:687 
stethoscope, inexpensive precordial 
(correspondence) 1978;57:598 
stopcocks, contamination 1979;58:141 
stylets (correspondence) 1977;56:325 
stylets, plastic covered solid copper 
wire (brief reports) .1976;55:150 
syringes, epidural anesthesia (letter) 
1980;59:805 
tracheobronchial suction 1976;55:290 
transducers 1983;62:112 
pressure domes containing 
diaphragm, laboratory evaluation of 
1978;57:67 
tubes, endobronchial, double-lumen 
tube adapter 1980;59:507 
tubes, endotracheal 
airway management of children with 
facial burns 1981;60:116 
airway obstruction management, 
prone position 1980;59:700 
anode hazards 1975;54:710 
armored 1975;54:756 
armored, hazard associated with 
(correspondence) 1978;57:381 
Carden (brief reports) 1976;55:882 
collapse due to overinflation of high- 
compliance cuffs 1977;56:731 
complication 1980;59:215 
complications 1984;63:457 
cuff difficult extubation (brief reports) 
1976;55:876 
cuff herniation of, as cause of airway 
obstruction 1978;57:114 
defective disposable, (brief reports) 
1976;55:437 
extubation (brief reports) 1976;55:876 
flammability of during carbon dioxide 
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laser surgery 1981;60:885 
hazard alert 1980;59:519 
laser surgery of the airway 
1980;59:789 
(letter) 1984;63:701 
method for verifying placement 
1977;56:123 
passed through bite block (letter) 
1981 ;60:66 
pediatrics (brief reports) 1975;54:273 
questions and answers 1975;54:715 
Rusch armored 1975;54:756 
securing in children 1981;60:224 
significance of Pco2 (brief reports) 
1976;55:595 
standard nomenclature (letter) 
1980;59:517 
swallowing by newborn (letter) 
1979;58:156 
wire-reinforced, complication 
associated with 1979;58:152 
tubes, nasogastric 
Magill tube for inserting (brief 
reports) 1975;54:156 
simple method for inserting (brief 
reports) 1976;55:303 
tubes tracheal, cuffed, physical and 
behavioral characteristics 1982;61:36 
tubes, tracheal (letter) 1982;61:161, 623 
valves 
airway obstruction by breakdawn of 
non-rebreathing valve 1981;60:529 
detecting anesthesia circuit 
dysfunction 1984;63:536 
failure of (letter) 1981;60:843 
misassembly and use of resuscitation 
bag (letter) 1981;60:66 
vaporizers 
(abstract) 1984;63:189 
accuracy and nitrous oxide 
1982;61:938 
bottle adaptors for (letter) 1979;58:156 
effect of nitrous oxide solubility 
(letter) 1983;62:956 
enflurane concentrations increased by 
nitrous oxide delivered by 
1979;58:30(letter) 1979;58:440, 441 
Fluotec Mark III, gas leak 1979;58:239 
for ether (correspondence) 1978;57:147 
gas loss from Ohio modulus 
vaporizer selector-interlock valve 
(letter) 1983;62:1052 
hazard (letter) 1980;59:805 
inadvertent change of anesthetics 
1982;61:53 
isoflurane, evaluation 1982;61:457 
leakage when turned off 1977;56:793 
loss of anesthetic gases (letter) 
1983;62:369 
low-flow and closed-circuit anesthesia 
1980;59:359 
malfunctioning halothane vaporizer 
(letter) 1981;60:121 
nitrous oxide (letter) 1980;59:808 


ANESTHESIA AND ANALGBSIA 117 
Ten-Year Cumulative Index 1975-1984 


possible hazard with use of Ohio 
Ethrane 1980;59:65 
volatile anesthetics 1979;58:322 
ventilators 1983;62:122 
(brief reports) 1976;55:879 
correction for gas compression 
1980;59:488 
dilution of anesthetic detected by 
oxygen analyzer 1978;57:491 
fleuric high frequency jet 1982;61:138 
fresh gas flow effects on minute 
volume (letter) 1984;63:619 
front panel cover for Frazer-Harlake 
ventilator (letter) 1983;62:619 
inexpensive portable positive end- 
expiratory pressure system 
1979;58:53 
manual bag, PEEP device (brief 
reports) 1976;55:745 
mobile respiratory assistor, for 
neonatal transport 1978;57:729 
pediatrics 1976;55:769 
portable system for critically ill 
patients 1981;60:760 
silent 1982;61:713 
video-stethoscope, continuous bilateral 
lung ventilation during anesthesia 
1983;62:586 
viscosity 1980;59:192 
warmers, for antiseptic skin preparation 
solutions 1977;56:124 
Y-piece, durability of (letter) 1981;60:912 
Esophagus, see Gastrointestinal tract 
Ethanol, see Alcohol 
Ethics 
duplication and fragmentation in 
publications (letters) 1982;61:1024, 
1025 
research, hazards of ketamine in 
ischemic heart disease (letter) 
1983;62:1044 
Ethylene oxide, see Sterilization 
Etidocaine, see Anesthetics, local 
Etomidate, see 
Anesthetics, intravenous 
Induction, anesthesia 
Etoxadrol hydrochloride, see Anesthetics, 
intravenous 
Evoked potentials, see 
Brain, monitoring 
Monitoring 
Extradural, see Anesthetic techniques, 
epidural 
Extubation, see Anesthetic techniques 
Eye 
abducens palsy, postural puncture 
headache 1982;61:948 
blindness 
following attempted stellate ganglion 
block 1981;60:689 
transient, following intravenous 
atropine 1977;56:872 
blepharoplasty and rhytidectomy 
1976;55;165 


corneal abrasion 
anesthesia 1975;54:465 
during general anesthesia 1977;56:363 
electroshock therapy, intraocular 
pressure 1975;54:479 
emergence phenomena 
ketamine 1975;54:312 
glaucoma, pre- and post-anesthetic use 
of atropine (questions and answers) 
1976;55:460 
intraocular pressure 
anesthesia for electroshock therapy 
1975;54:479 
during enflurane and neurolept 
anesthesia in adult ophthalmic 
surgery 1980;59:50 
effects of alcuronium 1983;62:521 
enflurane 1975;54:212 
ketamine in children 1976;55:773 
thiopental and succinylcholine 
1975;54:471 
timolol-induced bradycardia 
1980;59:301 
intraocular pressure (letter) 1984;63:543 
pupil 
racial mydriatic response to 
belladonna premedication 1978;57:572 
size during reversal of muscle 
relaxants 1980;59:615 
reflexes, oculocardiac, in eye-surgery 
anesthesia 1977;56:333 
retrolental fibroplasia 
factors influencing development of 
(letter) 1981;60:539 
multifactorial disease 1981;60:109 
tearing, effects of general anesthesia on 
basal production 1977;56:35 
vitrectomy 1975;54:58 
Fazadinium, see Neuromuscular relaxants 
Femoral, see 
Anatomy 
Anesthetic techniques, regional 
Fenoprofen, see Analgesics 
Fentanyl, see 
Analgesics, narcotic 
Anesthetics, intravenous 
Fetus, see 
Anesthesia ù 
Pregnancy 
Toxicity 
Uterus 
Fiberoptic, see Equipment 
Fibrillation, see Heart, arrhythmias 
Filters, see 
Blood 
Equipment, transfusion 
Transfusion 
Fire, see 
Anesthetic techniques, laser surgery 
Complications 
Electrical systems 
Fluid balance 
colloid or crystalloid (letter) 
1981;60:228 
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Fluid balance—continued 
hypertonic solutions, hypotension and 
respiratory distress 1979;58:42 
inflammatory potential of foreign 
particulates in parenteral drugs 
1977;56:422 | 
obstetric 
maternal and fetal effects of 
prophylactic hydration before 
epidural anesthesia 1983;62:673 
prehydration before epidural 
anesthesia 1984;63:69 
volume expansion in interstitial lung 
diseases 1979;58:13 
Fluoride, see Ions 
Flurothyl, see Anesthetics, volatile 
Fructose-1, 6-diphosphatase, see 
Enzymes 
Genetic factors 
Furosemide, see 
Kidney, diuretics 
Neuromuscular relaxants 
Gases, nonanesthetic 
helium, epinephrine-induced 
arrhythmias during halothane 
anesthesia 1982;61:414 
nitrogen, epinephrine-induced 
arrhythmias during halothane 
anesthesia 1982;61:414 
nitrogen, oxygenation during intubation 
1981;60:313 
nitrous oxide, epinephrine-induced 
arrhythmias during halothane 
anesthesia 1982;61:414 
Gastrointestinal tract 
antacids 
cimetidine (abstract) 1984;63:257 
cimetidine, effects on gastric volume 
and pH 1984;63:599 
citrate (abstract) 1984;63:205 
effect of metoclopramide on gastric 
contents after sodium citrate 
1984;63:841 
in gastric acid neutralization 
1984;63:325 
radio pills for measurement of 
duration of action (letter) 
1983;62:368 
biliary tract, naloxone reversal of 
morphine-induced colic 1980;59:619 
esophagus 
` domperidone antagonizes atropine 
effects 1980;59:921 
effects of pancuronium and 
atracurium 1984;63:65 
intubation (correspondence) 
1978;57:288 
sphincter tone during reversal of 
neurothuscular blockade by 
atropine and neostigmine 
1978;57:171 
spinal anesthesia 1983;62:606 
intestine 
effect of neostigmine (questions and 
answers) 1977;56594 


* 


effect of nitrous oxide on bowel gases 
197&58:405 
jejunoileal shunt ` 
anesthesia for 1975;54:65 
metoclopramide 
(abstræt) 1984;63:264 \ 
effect =n gastric contents after sodium 
citrace 1984;63:841 
effect =n gastric fluid pH and volume 
1984 63:1014 
effects on gastric volume and pH 
1984.63:599 
stomach 
antacics and glycopyrrolate 
(correspondence) 1978;57:145 
bicitra “letter) 1982;61:801 
cimeticine and related drugs 
1982.61:595 
cimeticine, effect on gastric fluid pH 
and volume 1984;63:1014 
cimeticine for prophylaxis of 
aspimtion pneumonitis 1979;58:426 
compa-“ison (abstract) 1982;61:167 
control of acidity by glycopyrrolate 
premedication in parturient 
1977 56:642 
function (letter) 1980;59:807 
gastric acid aspiration, two anesthetic 
techniques 1980;59:862 
gastric acidity and glycopyrrolate 
premedication (letter) 1979;58:157 
gastric distension during resuscitation 
(letter) 1981;60:619 
gastric fluid volume after anesthesia 
198059:287 
gastric levels of meperidine in 
surgral patients 1979;58:88 
gastric secretions in obesity 1981;60:37 
nasogastric tube insertion (brief 
repo-ts) 1975;54:156 
nasogastric tube insertion, simple 
method (brief reports) 1976;55:303 
neonatal pH 1978;57:98 
nonpariculate (letter) 1982;61:801 
pH, cimetidine as an oral antacid in 
obstetric anesthesia 1983;62:720 
pH, in >atients receiving cimetidine 
1978357:675 
pH, in patients receiving sodium 
citrate 1981;60:521 
‘pH anc volume 
effect œ cimetidine 1979;58:183 
effects of preanesthetic 
glycc>yrrolates and cimetidine 
1984;53:40 
effects 2f ranitidine and 
metozlopramide 1984;63:903 
preanesthetic cimetidine 1979;58:309 
ranitidine and Mendelson’s syndrome 
1982;31:130 
silent gastric regurgitation 1981;60:655 
sodium: citrate (abstract) 1982;61:220 
sodium: citrate and gastric pH 
1981; 30:521 
sodium citrate, duration of action 
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i (letter) 1982;61:624 
surgery, gastrointestinal, circulatory 
responses and concentrations 
1976;55:388 
Genetic factors 1984;63:35 
cholinesterase, and increased sensitivity 
to succinylcholine 1978;57:422 
fructose-1, 6-diphosphatase, deficiency, 
anesthetic management of patient 
with 1978;57:503 
malignant hyperthermia, spectrum of 
susceptibility 1983;62:545 
potencies of nitrous oxide in mice bred 
for resistance or susceptibility 
1981;60:646 
pseudocholinesterase, succinylcholine- 
induced fasciculation as indicator of 
atypical 1984;63:869 
race, mydriatic response to belladonna 
premedication 1978;57:572 
Gentamicin, see Antibiotics 
Geriatric, see 
Age factors 
Anesthesia, geriatric 
Glaucoma, see Eye 
Glomus bodies, see Anatomy 
Glucagon, see 
Hormones 
Metabolism 
Glucose, see 
Blood 
Metabolism 
Glycopyrrolate, see 
Parasympathetic nervous system 
Premedication 
Growth hormone, see Hormones 
Hallermann-Streiff syndrome, see 
Complications 
Head straps, see Equipment 
Heart 
adenylate cyclase, regulation with 
halothane 1984;63:285 
anesthesia for patients post infarction 
1976;55:640 
arrhythmia 
aminophylline during halothane 
anesthesia, experimental animals 
1980;59:410 
aminophylline, interaction with 
halothane, multiform ventricular 
tachycardia due to 1978;57:740 
amitriptyline therapy increases 
electrocardiographic changes 
during neuromuscular blockade 
reversal 1978;57:77 
antiarrhythmic action of adenosine 
triphosphate 1982;61:423 
arrhythmic doses of epinephrine and 
_ dopamine during halothane, 
enflurane, methoxyflurane, and 
fluroxene anesthesia 1977;56:207 
arrhythmic effects of stellate ganglion 
block on the idiopathic 
prolongation of the Q-T interval 
1976;55:782 
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asphyxial challenge in chronically 
hypokalemic dogs 1983;62:991 

atrial arrhythmias and digoxin 
1981;60:302 

correlation with a-adrenergic 
responsiveness 1984;63:297 

effect of isoflurane following 
aminophylline 1983;62:568 

effects of stellate ganglion block on 
the idiopathic prolongation of the 
Q-T interval 1976;55:782 

epinephrine-induced, during 
enflurane anesthesia: protection 
from lidocaine 1978;57:547 

epinephrine-induced during 
halothane anesthesia 1982;61:414 

exogenous prostaglandins and 
prostaglandin synthesis inhibition 
during halothane—O, anesthesia 
1979;58:401 

epinephrine injection 1975;54:468 

fibrillation, induced during cardiac 
surgery 1984;63:743 

fibrillation, ventricular, comparison of 
THAM and sodium bicarbonate in 
resuscitation 1977;56:38 

following epinephrine injection 
1975;54:468 

following reversal of neuromuscular 


blocking agents in geriatric patients 


1978;57:186 
following succinylcholine, atropine 
1975;54:705 
halothane-induced cardiac 
arrhythmias 1981;60:517 
hypotension following bretylium 
tosylate 1979;58:516 
low-energy ventricular defibrillation 
during cardiac surgery (abstract) 
1983;62:269 
mechanical hyperventilation effect 
with pentobarbital 1980;59:839 
safety of enflurane following 
administration of aminophylline 
1981;60:871 
ventricular, halothane~epinephrine 
induced after imipramine 
1984;63:825 
assist devices, left heart, postperfusion 
low cardiac output 1977;56:402 
asystole 
after single dose of succinylcholine 
1978;57:135 
persistent electromechanical arrest 
following cardioplegic and glucose- 
insulin-potassium solutions 
1980;59:69 
atria, chronotropic effects of volatile 
inhalation anesthetics 1977;56:173 
block 
and artificial cardiac pacemakers 
1976;55:626 
anesthesia 1976;55:626 
anesthesia and complete congenital 
block 1981;60:906 


ANESTHESIA AND ANALGESIA 119 
Ten-Year Cumulative Index 1975-1984 


coincidential fetal and maternal 
1981;60:59 
congenital, anesthetic management 
of, in childhood 1979;58:334 
congenital complete {letter) 1980;59:81 
left bundle branch, during anesthesia 
1980;59:628 
blood flow 
cardiovascular effects of morphine 
1982;61:109 
effect of hypocapria 1984;63:991 
effects of isoflurane and halothane 
anesthesia 1976;55:135, 1984;63:557 
ischemia caused by mediastinal chest 
tube suction 1980;59:386 
myocardial clinical anesthesia 
1980;59:229 
cardiac output 1984;63:963 
effect of halothane and pentobarbital 
on dispersion of indicator particles 
in central circulation 1977;56:68 
effects of ventilatory pattern, 
intrapleural pressure, and 
1977;56:88 
. estimation by CO, breathing method 
(abstract) 1980;59:555 
isoflurane effect with or without 50% 
nitrous oxide 1983;62:499 
myocardial function, cardiovascular 
effects of enflurane during 
controlled ventilation 1978;57:619 
myocardial function, effects of 
enflurane during spontaneous 
ventilation 1978;57:610 
cardiac tamponade, effects of hypo-, 
normo-, and hypercarbia 1983;62:181 
catheterization 
acute respiratory distress 
complication 1980;59:442 
central venous pressure, catheter 
positioning (brief reports) 
1975;54:696 
ECG-guided placement 1984;63:953 
hydromediastinum after 1980;59:159 
intracardiac knotting of balloon- 
tipped catheter 1980;59:217 
vascular cannulation (abstract) 
1980;59:563 
conduction 
effect of halothane on canine 
intracardiac impulse, during sinus 
rhythm, antiarrhythmic anesthetic 
action 1977;56:187 
effects of thoracic epidural analgesia 
1984;63:817 
halothane anesthesia 1980;59:327 
halothane effects, conductivity of AV 
node, and His-Purkinje system 
1977;56:378 
congenital defects, effects of ketamine 
on congenital heart disease 
1984;63:895 
contractility 
action of thiopental and halothane 
1984;63:313 


defining myocardial depression 
(abstract) 1982;61:174 
diazepam and fentanyl—negative 
inotropic effect 1984;63:97 
effects of diethyl ether and nitrous 
oxide 1984;63:451 
effects of etomidate and thiopental 
1983;62:961 
effects of fentanyl and nitrous oxide 
1984;63:47 
negative inotropic effect of halothane 
in rabbit papillary muscle 
1982;61:403 
negative inotropic effect of protamine 
sulfate 1980;59:100 
protamine toxicity in isolated heart 
tissue 1984;63:1111 
following regional anesthesia in 
patients undergoing carotid 
endarterectomy (abstract) 
1983;62:279 
myocardial infarction following 
anesthesia (abstract) 1981;60:271 
digitalis tolerance 
effect of enflurane, isoflurane, 
fluroxene, methoxyflurane and 
diethyl ether anesthesia 1976;55:360 
effects of ketamine and Innovar 
1975;54:106 
digoxin 
hypokalemic dogs treated with, and 
intravenous potassium chloride 
1978;57:108 
peripheral vascular and direct cardiac 
effects 1980;59:11 
dobutamine, myocardial metabolism 
1982;61:917 
dopamine, arrhythmic doses of, and 
epinephrine, during halothane, 
enflurane, methoxyflurane, and 
fluroxene anesthesia 1977;56:207 
drugs, cardiac supportive care 
1976;55:633 
echocardiography 
(abstract) 1984;63:194 
myocardial function, analysis during 
halothane anesthesia 1979;58:23 
Eisenmenger syndrome, general 
anesthesia in presence of 1977;56:543 
electrocardiography 
CB; lead monitoring 1981;60:849 
continuous beat-to-beat 
microcomputer analysis and 
quantification of the intraoperative 
ECG (abstract) 1983;62:273 
diagnostic value of Vs precordial lead 
1978;57:364 i 
esophageal, intraoperative monitoring 
1982;61:781 . 
intraoperative esophageal 
cardiokymogram (abstract) 
1983;62:256 
intravascular (letter) 1982;61:884 
precordial ECG lead, chest operations 
(brief reports) 1976;55:740 
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Heart—continued 
electrocardiography—continued 
rechargeable monitor (Tektronix) 
(questions and answers) 1976;55:613 
emergency surgery, during acute 
myocardial infarction (case history) 
1975;54:267 
epinephrine, arrhythmic doses of, and 
dopamine, during halothane, 
enflurane, methoxyflurane, and 
fluroxene anesthesia 1977;56:207 
evaluation preoperative and preparation 
of the cardiac 1976;55:618 
failure, associated with hypocalcemia 
1976;55:34 
function, nitrous oxide, responses to, 
during halothane anesthesia 
1978;57:84 
halothane, hemodynamic responses to 
nifedipine during anesthesia 
1983;62:903 
herniation correspondence 1978;57:747 
hypocarbia, effect on myocardial 
function 1984;63:991 
implantation, artificial 1976;55:560 
infarction, following local anesthesia for 
ophthalmic surgery 1980;59:257 
ischemia 
early diagnosis using the pulmonary 
arterial catheter 1981;60:789 
effects of isoflurane and halothane 
1984;63:635 
use of electrocardiography 1984;63:343 
vasospastic angina after calcium 
injection 1984;63:1124 
isoproterenol 
beta-adrenoceptor responsiveness 
during anesthesia (abstract) 
1983;62:255 
cardiovascular and respiratory effects, 
artificial heart implantation 
1976;55:560 
massage 
leg-heel vs standard arm-hand 
method of external cardiac 
compression 1979;58:170 
propranolol and, effect on halothane 
MACein dogs 1976;55:383 
metabolism 
after acute B-adrenergic blockade 
(letter) 1984;63:540 
` fentanyl effects during experimental 
ischemia 1980;59:644 
protamine sulfate and 1982;61:247 
metoprolol, long-term therapy and 
neuroleptanesthesia in coronary 
artery surgery 1983;62:380 
mitral valve, prolapse 1980;59:379 
monitoring, hemodynamic tracking 
system 1980;59:169 
morphine anesthesia, urine 
norepinephrine excretion 1975;54:509 
myocardial function 
acetate fails to reverse depression in 
dogs anesthetized with halothane 
. 1978;57:395 


$ 


afterlozd reduction and preload 
augnentation 1980;59:737 
analyss of regulation 1977;56:761 
anesthasia (abstract) 1980;59:564 
droperdol and ketamine 1983;62:193 
embolism 1984;63:429 
halothene 1984;63:731 
halothene and enflurane 1980;59:240 
halothene-induced depression, 
asyn=rgic contraction 1980;59:178 
hyperkalemia and cardiovascular 
collapse after verapamil and 
dantzolene administration 
198453:473 
isoflurene and halothane 1976;55:135, 
198453:557 
mannitl, effects on blood volume 
and central hemodynamics during 
ceret-ral aneurysm surgery 
1983752:875 
neurorcuscular relaxants on canine 
heart muscle 1980;59:717 
nitroglecerin 1982;61:927 
nitroprasside and mitral stenosis 
1980;59:662 
nitrous. oxide on, during meperidine 
infuson 1977;56:836 
ventricalar dysfunction (abstract) 
1980;39:550 
ventricular performance (abstract) 
1984;53:217 
myocardial infarction 
cardiac electrical activity after 
myocardial preservation with 
cardioplegia solution (abstract) 
1983;52:269 
influen-ze of lidocaine and 
bupieacaine on atria 1984;63:01 
myocardi..! metabolism, effects of 
droperiol and ketamine 1983;62:193 
nadolol 1"84;63:365 
nifedipine, hemodynamic effects during 
halothane anesthesia 1983;62:903 
nifedipine—halothane (letter) 1984;63:622 
nitrous oxide, response to exposure 
1980;5993 
ouabain 
generaLanesthetic agents, and 
aldoserone effect on striated 
musce contraction 1976;55:409 
morphine antagonism 1975;54:787 
tolerance, effect of enflurane, 
isoflurane, fluroxene, 
methoxyflurane, and diethyl ether 
anesthesia 1976;55:360 
oxygen ccnsumption 
afterload changes during halothane 
anesinesia 1980;59:233 
anesthesia, coronary patients 
(abstecct) 1982;61:204 
during >rolonged anesthesia 
(abstecct) 1983;62:280 
during >rolonged halothane 
anesthesia 1983;62:788 
hemodrnamics of intravenous 
nitroglycerin 1982;61:927 


ra 
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myocardial, with halothane and 
morphine anesthesia 1982;61:979 
sodium nitroprusside effects during 
halothane anesthesia 1980;59:835 
pacemakers 
anesthesia 1976;55:626 
artificial cardiac, with heart block 
1976;55:626 
electrocautery-induced (letter) 
1984;63:541 
electrocautery-induced 
reprogramming using a precordial 
magnet 1983;62:609 
pediatric, phagocytosis 1975;54:501 
pericardium 
anesthesia and pericardial disease 
1983;62:431 
severe tachycardia 1982;61:384 
pharmacology, calcium entry blockers 
1984;63:515 
pneumocardiography 
automated measurement and 
frequency analysis 1978;57:647 
determinants and genesis of 
1978;57:653 
problems with aspirin intolerance 
1975;54:376 
propranolol 1976;55:01 
anesthetics and 1977;56:283 
block after coronary artery bypass 
surgery 1984;63:515 
hemodynamic effects of metocurine 
in patients with coronary artery 
disease receiving 1977;56:255 
hemodynamics and myocardial 
metabolism (letter) 1984;63:540 
pulse rate 
baroreflex control by epidural 
anesthesia 1983;62:815 
chronotropic effects of volatile 
inhalation anesthetics 1977;56:173 
pentobarbital-morphine antagonism 
1984;63:669 
rapid induction in combat casualties 
1976;55:74 
rate, effect of atropine 1975;54:262 
rate of recovery in rats 1975;54:96 
rate-pressure product, clinical 
anesthesia 1980;59:229 
receptors 1981;60:40 
resuscitation 
advanced CPR 1982;61:629, (letter) 
1983;62:541 
cerebral blood flow during 1981;60:73 
interposed abdominal compression 
1982;61:645 
new concepts in 1981;60:100 
sarcoplasmic reticulum, calcium 
transport 1981;60:390 
systolic time intervals, effect of 
halothane on 1977;56:522 
tamponade, transmural myocardial 
pressures (letter) 1984;63:93 
transplant donor death, physician 
liability (physician and the law) 
1976;55:611 
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valvular disease, effects of calcium 
chloride 1984;63:723 
ventricles, effect of methoxyflurane on 
automaticity 1977;56:194 
verapamil 
(abstract) 1984;63:230, 231 
during coronary artery bypass graft 
surgery 1983;62:821 
effect on vecuronium neuromuscular 
blockade 1984;63:155 
for treatment of arrhythmias after 
cardiopulmonary bypass 
1984;63:460 
hemodynamic interactions with 
halothane 1984;63:791 
isoflurane interactions (abstract) 
1982;61:194 
neuromuscular and 
electrocardiographic responses 
1983;62:50 
Helium, see Gases, nonanesthetic 
Hematoma, see Complications 
Hemiplegia, see Complications, paralysis 
Hemoglobin, see Blood 
Hemophilia, see Blood, coagulation 
Hemorrhage 
effect of anesthetics 1981;60:481 
pulmonary, during pulmonary 
embolectomy 1976;55:182 
Heparin, see Blood, coagulation 
Hepatitis, see Liver 
Hepatocytes, see Liver 
Hepatotoxicity, see Liver 
Heroin, see Analgesics 
Hexobarbital, see 
Anesthetics, intravenous 
Hypnotics, barbiturates 
Hiccups, see Complications 
High-frequency ventilation, see 
Ventilation 
Histamine 
antagonists, effects on adrenergic 
function in canine saphenous veins 
1983;62:21 
cimetidine 
effect on gastric secretions in obesity 
1981;60:37 
pre-anesthetic, and gastric pH 
1979;58:309 
used as an oral antacid in obstetric 
anesthesia 1983;62:720 
hormonal effect of diazepam-fentanyl 
during coronary artery bypass 
surgery 1983;62:881 
inhibition, gastric fluid pH in patients 
receiving cimetidine 1978;57:675 
ranitidine, Mendelson’s syndrome 
1982;61:136 
History 
anesthesia, development of surgery and 
(1846-1896) 1979;58:05 
Dr. Arthur Ernest Guedel 1975;54:442 
Dr. August Karl Gustav Bier 1975;54:322 
Dr. Carl Koller 1975;54:247 
drug inhalation 1980;59:140 
Howard Wilcox Haggard 1975;54:654 
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ideas in anesthesia 1976;55:467 
introduction of surgery and 
development of anesthesia (editorial) 
1979;58:04 
obstetric anesthesia, the first 
experiment (letter) 1983;62:1136 
pollution, cause for concern 55 years 
ago (correspondence) 1978;57:516 
publications, anesthesia and 1980;59:01 
Rudolph Matas 1975;54:29 
surgery, anesthesia and development of 
(1846-1896) 1979;58:05 
William T. G. Morton (letter) 
1979;58:260 
Yandell Henderson 1975;54:806 
Hodgkin's disease, see Complications 
Homocystinuria, see Complications 
Hormones 
adrenal 
cortical, for sciatica 1978;57:313 
epidural treatment of acute herniated 
nucleus pulposus 1977;56:862 
steroids and anesthesia 
(correspondence) 1978;57:379 
aldosterone, general anesthetic agents 
and ouabain, striated muscle 
contraction 1976;55:409 
aldosterone, renal function and stress 
response 1981;60:552 
antidiuretic, influence of epidural 
fentanyl on ADH levels 1983;62:727 
antidiuretic hormone, responses after 
sufentanil and alfentanil anesthesia 
1982;61:434 
antidiuretics, effect of fentanyl on 
arginine vasopressin and cortisol 
secretion 1984;63:25 
corticosteroids 
effect of fentanyl on arginine 
vasopressin and cortisol secretion 
1984;63:25 
effect on nerves and meninges 
1980;59:610 
glucagon 
biliary spasm and fentanyl 
1981;60:638 
narcotic-induced choledochoduodenal 
sphincter spasm 1980;59:946 
plasma during spinal anesthesia and 
surgery in a glucagon-deficient 
patient 1983;62:846 
growth hormone, responses after 
sufentanil and alfentanil anesthesia 
1982;61:434 
insulin 
artificial beta cell during anesthesia 
1980;59:950 
effects of enflurane on release of 
1981;60:878 
maternal-fetal glucose homeostasis 
1982;61:32 
prolactin, cholinergic action of 
thiopental 1981;60:310 
prostaglandins 
epinephrine-induced arrhythmias in 
dogs during halothane-O, 


anesthesia 1979;58:401 
uterine rupture (letter) 1983;62:1046 
renin, renal function and stress 
response 1981;60:552 
thyroid 
anesthesia and hypothyroidism 
1982;61:371 
anesthesia for untreated 
hypothyroidism 1977;56:299 
malignant hyperthyroidism or 
malignant hyperthermia 1981;60:613 
thyroid stimulating, cholinergic action 
of thiopental 1981;60:310 
vasopressin, renal function and stress 
response 1981;60:552 
Horner’s syndrome, see Sympathetic 
nervous system entries for stellate 
ganglion 
Humidification 
adult body temperature during general 
anesthesia 1981;60:736 
anesthesia circuits, Pall bacterial filter 
1984;63:566 
anesthetic gases 
effect on temperature after 
cardiopulmonary bypass surgery 
1984;63:1106 
heated water humidifier with rotating 
wick 1979;58:244 
(letter) 1981;60:694 
modified circle system 1979;58:216 
anesthetic systems 1975;54:50 
carbon dioxide absorption, in infant 
circuit 1978;57:307 
Columbia pediatric circle (brief reports) 
1976;55:877 
contamination, by bacteria, in heated 
nebulizer 1978;57:191 
CPRAM, children and adults (abstract) 
1980;59:556 
heated, maintenance of body 
temperature 1976;55:710 
immersion heater, inspired air 
temperature 1976;55:331 
improvement of by use of percolator 
vaporizer 1981;60:146 
indications and hazards, in respiratory 
therapy 1975;54:444 ə 
jet ventilation, coaxial jet ventilation 
catheter 1982;61:689 
nonrebreathing system 1975;54:271 
operating rooms (questions and 
answers) 1976;55:134 
Hydralazine, see Anesthetic techniques, 
hypotensive 
Hydromorphone, see Analgesics 
Hydroxyzine, see 
Ataractics 
Hypnotics 
Hyperbaria 
oxygen, hepatoprotective effect during 
halothane anesthesia 1978;57:481 
pressure reversal 
and isoflurane 1977;56:97 
nonlinear antagonism of anesthesia 
1979;58:19 
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Hypercapnia, see 
Carbon dioxide 
Acid-base equilibrium 
Hypercarbia, see 
Carbon dioxide 
Acid-base equilibrium 
Hyperoxia, see Oxygen 
Hyperpyrexia, see 
Hyperthermia 
Hypertension, see 
Blood pressure 
Complications 
Hyperthermia 
hypoxic survival, influence of alone or 
in combination with pentobarbital or 
phenytoin 1981;60:867 
malignant 1983;62:115, 119 
(abstract) 1984;63:193 
associated with enflurane anesthesia 
1975;54:47 
awake episodes, correction by 
Dantrolene 1980;59:377 
Burkitt’s lymphoma 1980;59:514, 
(letter) 1980;59:955 
Ca?* dependence during calcium 
uptake by isolated sarcoplasmic 
reticulum 1981;60:492 
case report 1980;59:220 
contracture tests for susceptibility 
1983;62:415 
creatine phosphokinase activity 
1975;54:536 
editorial 1980;59:321 
enflurane anesthesia 1975;54:47 
halothane-induced biochemical defect 
in muscle 1980;59:250 
halothane-succinylcholine induced 
masseter spasm 1984;63:693 
in six-month-old infant 1978;57:262 
intraoperative crisis in two children 
with undifferentiated lymphoma 
1978;57:511 
isoenzymes of creative 
phosphokinase in serum 
1976;55:797 ° 
isoflurane and (letter) 1982;61:711, 712 
isometric twitch and tetanus response 
1975;5€:527 
(letter) 1984;63:91 
massive myoglobinuria 1976;55:680 
mistaken for hyperthyroidism 
1981;60:613 
muscle contractures and adénosine 
triphosphate depletion as tests for 
1979;58:367 
neuroleptic malignant syndrome 
1983;62:848 
pancuronium and (letter) 1980;59:889 
phosphorylase activity (letter) 
1984;63:88 
phosphorylase ratio and susceptibility 
1983;62:324 
preanesthetic evaluation and 
management 1976;55:643 


skeletai muscle mitochondria in 
197958:76 
spectrum of susceptibility 1983;62:545 
syndrome (correspondence) 
197736:466 
tourniquet test (abstract) 1981;60:256 
treatment with calcium channel 
blocker (letter) 1983;62:861 
variatics in onset 1981;60:499 
malignan pyrexia 
failure of lidocaine to trigger 
1979;58:99 
management in an infant 1979;58:33 
Hypnosis 
monitorirg intraoperative spinal cord 
function 1976;55:42 
Hypnotics 
barbituraBs 
cardiovascular effects (abstract) 
1980; 39:559 
effects =n cardiac acceleration 
respcnse to noxious stimulation 
1984;23:669 
inducec coma (abstract) 1981;60:247 
influenee in hypoxic survival in 
comb nation with hypothermia or 
hype-thermia 1981;60:867 
pentobarbital 
and halothane, effect on dispersion 
sf indicator particles in central 
circulation of dog 1977;56:68 
induced coma (abstract) 1981;60:247 
influence on hypoxic survival in 
eombination with hypothermia 
or hyperthermia 1981;60:867 
versus lorazepam premedication 
7977;56:489 
potency and nitrous oxide 
susce tibility 1984;63:35 
toleran@ 1981;60:137 
benzodiazpines 
atropine in physostigmine reversal of 
diaze>am (letters) 1980;59:459 
cardiovasaular effects, coronary artery 
disease _abstract) 1982;61:217 
catecholarnine release with morphine 
and diazepam 1981;60:406 
circulatory responses 1983;62:135 
diazepam 
and pertazocine supplementing 
local analgesia 1976;55:177 
and succinylcholine-induced muscle 
pams 1978;57:295 
antagor-zed by aminophylline 
19&;63:900 
as surgical premedicant 1977;56:211 
comparson with droperidol and 
hydroxyzine as premedication 
1977;56:496 
dental anesthesia 1980;59:775 
dropericol, and hydroxyzine 
chenges in airway resistance 
1975;55:18 
effect or memory and learning 
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1979;58:452 
effects of age and sex on 
bioavailability 1983;62:01 
effects on evoked electrospinogram 
and evoked electromyogram 
1981;60:197 
effects on succinylcholine-induced 
muscle pain 1979;58:314 
functional residual capacity and 
ventilation distribution 
(abstract) 1982;61:209 
hemodynamic responses to 
anesthetic induction in 
patients with ischemic heart 
disease 1981;60:802 
in patients with severe burns 
1983;62:293 
induction agents and renal 
hemodynamics 1982;61:853 
influence on serum protein binding 
of bupivacaine 1984;63:980 
interaction with fentanyl during 
coronary artery surgery 
1983;62:881 
negative inotropic effect 1984;63:97 
neonatal electroencephalographic 
patterns as affected by 
maternal administration 
1978;57:303 
or droperidol, respiratory function 
following premedication with 
1978;57:695 
patients with coronary artery 
disease 1980;59:438 
physostigmine-atropine solution 
failure to reverse 1980;59:58 
physostigmine reversal of 
depression induced by 
1977;56:348 
plasma levels 1975;54:173 
prevention of succinylcholine- 
induced fasciculations 
1980;59:932 
protects mice from local anesthetic 
convulsions and death 
1981;60:385 
reversal of physostigmine (letter) 
1980;59:805 
thrombophlebitis after 1977;56:409 
with morphine, effect on awareness 
and dreams, nitrous oxide 
anesthesia 1976;55:702 
effect on recovery from anesthesia in 
rats 1975;54:97 
etomidate 1976;55:286 
hemodynamic effects, patients with 
coronary artery disease (abstract) 
1980;59:551 
hepatic blood flow 1983;62:135 
/nydroxyzine 
(abstract) 1984;63:176 
comparison of surgical 
premedicants 1984;63:571 
comparison with droperidol and 
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diazepam as premedication 
1977;56:496 
respiratory depression of 
intravenous hydroxyzine in 
man 1981;60:634 
lorazepam, comparison of surgical 
premedicants 1984;63:571 
failure to reverse clinical, 
psychomotor, or EEG effects 
1983;62:679 
premedication, anxiety 1976;55:792 
protects mice from local anesthetic 
convulsions and death 
1981;60:385 
versus pentobarbital premedication 
1977;56:489 
midazolam 1983;62:75 
comparative cardiovascular effects 
(abstract) 1982;61:198 
delirium reversal, physostigmine 
1975;54:607 
for anesthesia induction 
1984;63:1116 
hemodynamic responses to 
anesthetic induction patients 
with ischemic heart disease 
1981;60:802 
intramuscular premedication 
1982;61:933 
oil emulsion (letter) 1982;61:544 
placental transfer 1984;63:31 
preanesthetic medication (abstract) 
1983;62:256 
premedication, clinical evaluation, 
the effect on recall 1976;55:522 
premedication, evaluation of 
memory under regional 
anesthesia 1976;55:368 
premedication, lack of recall and 
relief of anxiety 1976;55:792 
protects mice from local anesthetic 
convulsions and death 
1981;60:385 
respiratory depressant effects and 
lack of reversal with naloxone 
1983;62:920 
thiopental hemodynamics and 
1982;61:771 
ventilatory response to carbon 
dioxide (abstract) 1981;60:250 
pentobarbital, effects on cardiac 
acceleration response to noxious 
stimulation 1984;63:669 
physostigmine reversal of diazepam- 
induced depression 1977;56:348 
Hypobaria 
anesthesia and altitude 1984;63:1097 
Hypocapnia, see 
Acid-base equilibrium, alkalosis, 
respiratory 
Carbon dioxide 
Hypocarbia, see 
Acid-base equilibrium, alkalosis, 
respiratory 
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Carbon dioxide 
Hypophysectomy, see 
Brain 
Surgery, neurologic 
Hypotension, see 
Anesthetic techniques, hypotensive 
Blood pressure 
Complications 
shock 
Hypothermia 
during cystoscopy 1977;56:326 
hypoxic survival, influence of alone or 
in combination with pentobarbital or 
phenytoin 1981;60:867 
postoperative, relationship of age, 
anesthesia, and shivering to 
rewarming in adults 1981;60:746 
prevention, during cystoscopy in 
neonates (brief reports) 1976;55:592 
profound, heart defect surgery 
1975;54:660 
rewarming, physicologic effects, 
possible application for neonatal 
cardiac surgery 1979;58:297 
with cardiac arrest, core rewarming by 
peritoneal irrigation in 1977;56:574 
Hypoxia 
(abstract) 1984;63:195 
cerebrovascular response to, barbiturate 
coma (abstract) 1982;61:179 
detected by evoked potential 
monitoring 1981;60:437 
fluctuating, and pulmonary shunting 
following fatal head trauma 
1977;56:129 
hepatic damage 1984;63:885 
hepatotoxicity, anesthetic induced 
1983;62:140, 146, 155 
liver 
halothane-induced injury 1982;61:824 
hepatic injury 1982;61:820 
liver blood flow, effects of 
phenobarbital-pretreated rats during 
halothane anesthesia 1981;60:306 
pH, cerebral surface, changes during 
asphyxia, hypotension, and 
circulatory arrest 1977;56:817 
phenytoin, cardiac protection 
1984;63:1021 
postoperative, early reversal 1976;55:822 
survival, influence of hypothermia or 
hyperthermia alone or in combination 
with pentobarbital or phenytoin 
1981;60:867 
tissue pH monitoring during halothane 
or pentobarbital anesthesia (abstract) 
1981;60:243 
see Oxygen 
Imipramine, see Ataractics 
Induction 
anesthesia 
alfentanil—thiopental comparison 
1984;63:330 
circulatory changes 1976;55:77 


diazepam, hemodynamic responses 
in patients with ischemic heart 
disease 1981;60:802 
diffusion hyperoxia following 
preoxygenation 1977;56:59 
etomidate 1976;55:286, 730 
etomidate, cardiovascular and 
pulmonary responses in cardiac 
patients 1979;58:40 
etomidate, ultrashort-acting 
nonbarbiturate agent, for anesthetic 
induction 1976;55:286 
face mask and plasma norepinephrine 
levels (abstract) 1981;60:257 
feedback control of enflurane delivery 
1983;62:836 
hemodynamic responses to 
midazolam and diazepam 
1981;60:802 
increased cerebrospinal fluid pressure 
1975;54:687 
influence of barbiturate, on 
circulatory responses to morphine 
1977;56:615 
low-dose fentanyl preloading 
1984;63:60 
midazolam 1983;62:75 
midazolam 1984;63:1116 
midazolam and thiopental 
hemodynamics 1982;61:771 
midazolam, hemodynamic responses 
in patients with ischemic heart 
disease 1981;60:802 
oxygenation during intubation 
1981;60:313 
rapid, in combat casualties 
1976;55:74 
RO 21-3981 for surgical premedication 
and 1978;57:01 
thiopental 1983;62:75 
enzymes, following surgery with 
halothane and neurolept anesthesia 
1981;60:319 
see 
Biotransformatjon (drug) 
Pharmacokinetics 
Infarction, myocardial, see Heart, 
coronary occlusion 
Infection 
anesthesia, gas gangrene 1976;55:247 
bacteremia, cardiac arrest during 
anesthesia 1981;60:440 
hepatitis, prevalence in anesthesia 
personnel 1984;63:433, 738 
herpangina, in an anesthesiologist 
1980;59:384 
modification of response, and 
anesthesia 1976;55:776 
peridural, potential for contamination of 
continuous catheters 1977;56:222 
pulmonary, defense mechanisms 
depressed by halothane 1979;58:505 
Infusors, see Equipment 
Innovar, see Anesthetics, intravenous 
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Insulin, see 
Hormones 
Metabolism 
Intensive care 
pediatric, epiglottitis 1983;62:785 
postoperative, benefit of elective 
admission 1983;62:572 
Interactions (drug) 
alcohol, influence on anesthetic 
requirements and acute toxicity 
1980;59:826 
and anesthesia 1979;58:413 
antibiotics and relaxants neuromuscular 
effects 1979;58:107 
between d-tubocurarine, pancuronium, 
polymyxin B and neostigmine 
on neuromuscular function 
1976;55:224 
diazepam, interaction with fentany] 
during coronary artery surgery 
1983;62:881 
drug-drug interaction (editor's choice) 
1975;54:76 
drugs, cardiac supportive care 
1976;55:633 
epinephrine, with enflurane, isoflurane 
and halothane in man 1976;55:709 
fentanyl, interaction with diazepam 
during coronary artery surgery 
1983;62:881 
interaction of epinephrine with 
enflurane, isoflurane and halothane 
1976;55:709 
ketamine, with neuromuscular blocking 
agents in phrenic nerve— 
hemidiaphragm preparation of rat 
1978;57:238 
local anesthetics 
duration of bupivacaine when mixed 
with chloroprocaine 1979;58:364 
inhibit hydrolysis of chloroprocaine 
by human serum 1978/57:534 
local anesthetics and relaxants, at 
neuromuscular junction 1978;57:580 
neuromuscular 1980;59:678 
neuromuscular relaxants 
pancuronium and metocurine in 
combigation 1981;60:12 
pancuronium and metocurine or 
d-tubocurarine 1980;59:604 
protein binding effects 1983;62:160 
pancuronium—d-tubocurarine 
combination 1984;63:437 
see 
Antagonists, narcotic 
Antagonists, neuromuscular relaxants 
Pharmacology 
Intercostal block, see Anesthetic 
techniques, regional 
Intermittent mandatory ventilation, see 
Ventilation 
Intermittent positive pressure breathing, 
see Ventilation 
Interscalene block, see Anesthetic 


techn ques, regional, brachial 
plexu . 
Intestine, se= Gastrointestinal tract 
Intracranial Sressure, see 
Intraocular pressure, see Eye 
Intravenous anesthesia, see 
Anesthetics, intravenous 
Anesthetic techniques 
Intravenous fluids, see Fluid balance 
Intravenous regional anesthesia, see 
Anestnetic techniques, regional 
Intubation 
duration, arly extubation vs 
prophylactic ventilation in high risk 
patients 1981;60:76 
endobronchial, for intraoperative 
protectien of a single functioning 
lung 1976;55:340 
laryngeal, endotracheal sequelae 
1975;54: "67 
laryngeal -equelae, endotracheal 
intubation 1975;54:767 
laryngeal -tenosis, in acromegaly 
1976;55:37 
nasotracheal 
lidocains—phenylephrine as substitute 
for cocaine 1984;63:915 
maxillary sinusitis (brief reports) 
1976;55:885 
rapid, combat casualties 1976;55:74 
tracheal 
(abstrac_) 1984;63:179, 188, 209, 229 
airway wesistance, under topical 
anesthesia 1980;59:270 
alfentarcl—thiopental comparison 
1984;€3:330 
avoiding the trauma of (letter) 
1981;€0:618 
awake 175;54:323 
blind in-ubation aid (letter) 
1984;€3:882 
blood p essure, hypertension 
1980;59:367 
cell chazges, prolonged cannulation 
1980;59:759 
circulatcry responses with or without 
prior aerosolized lidocaine 
(abstract) 1983;62:288 
complications, laryngeal pathology 
following long-term oral and nasal 
1978;57:663 
complications, low-dose fentanyl 
preloeding 1984;63:60 
complications, nitroprusside used to 
attencate blood pressure response 
1979;£8:116 
difficultintubation (letter) 1984;63:166 
effects en blood pressure and heart 
rate 183;62:951 
effects #n blood pressure and heart 
rate (abstract) 1983;62:278 
fentany. and postintubation 
hype tension 1982;61:680 
fiberop“ic laryngoscope guide and 
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protector 1977;56:126 

humoral response of hypertensive 
patients (abstracts) 1981;60:276 

hypertension after (abstract) 
1980;59:527 

incidence and causes of failure 
1983;62:692 

laryngeal sequelae 1975;54:767 

laryngoscopy and, circulatory 
response to, with or without prior 
oropharyngeal lidocaine 1977;56:618 

method for blind oral, of trachea or 
esophagus 1977;56:866 

myocardial consequences (abstract) 
1983;62:249 

new fiberoptic techniques for (letter) 
1981;60:617 

obstruction secondary to oral 
preoperative medication 1984;63:867 

oxygenation during laryngoscopy 
intubation 1981;60:316 

prolonged (brief reports) 1976;55:438 

postintubation acute respiratory 
distress due to annular slough of 
laryngotracheal mucosa 1977;56:356 

preextubation ventilatory 
measurements newborn and infant 
1980;59:467 

retrograde guide (letter) 1983;62:366 

right upper lobe atelectasis 
1983;62:851 

use of kit as guide 1977;56:287 

using fiberoptic stylet laryngoscope 
1984;63:161 

vocal cord paresis following 
(questions and answers) 1977;56:321 


tracheal and thiamylal-succinylcholine, 


circulatory changes in patients with 
coronary artery disease 1976;55:232 


translaryngeal, acute respiratory failure 


1976;55:195 


Ions 
bromine 


electroencephalographic abnormalities 
following halothane 1978;57:244 

prediction of halothane metabolism 
1979;58:470 


calcium 


(abstract) 1984;63:255 

calcium transport by cardiac 
sarcoplasmic reticulum 1981;60:390 

effect on the action of ketamine on 
cerebral and mesenteric arteries 
1983;62:553 

effects of verapamil on indirect 
muscle twitch responses 
1983;62:827 

effects on muscle contractility 
1984;63:451 

effects on regurgitant valvular heart 
disease 1984;63:723 

hemodynamic responses to nifedipine 
during halothane anesthesia 
1983;62:903 
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injection-induced vasospastic angina 
1984;63:1124 
transport, enflurane and isoflurane 
effects 1982;61:142 
uptake by isolated sarcoplasmic 
reticulum 1981;60:492 
verapamil, hemodynamic interactions 
with halothane 1984;63:791 
citrate, effect on gastric fluid pH 
1981;60:521 
electrolyte disorders 
carbon dioxide titration 1975;54:299 
fluoride 
in parturients and neonates following 
methoxyflurane analgesia 
1977;56:646 
levels in obese patients during and 
after enflurane 1979:58:409 
magnesium, enhancing local nerve 
block 1984;63:111 
potassium 
acute hyperkalemia associated with 
massive blood replacement (letter) 
1983;62:1044 
acute hypocapneic hypokalemia 
1977;56:786 | 
cardiovascular responses to anoxic 
challenge (abstract) 1983;62:290 
cardiovascular responses to asphyxial 
challenge in chronically 
hyperkalemic dogs 1983;62:991 
changes in, and responses to 
neuromuscular blocking agents 
1978;57:417 
chronic hypokalemia (abstract) 
1982;61:221 
effect of succinylcholine in patients 
with infections 1983;62:327 
effects of thiopental and 
succinylcholine 1984;63:1146 
effects on anesthetic requirement, 
compared with brain sodium and 
osmolality 1978;57:404 
efflux, influence of pancuronium 
1976;55:474 
hyperkalemia and cardiovascular 
collapse after verapamil and 
dantrolene administration 
1984;63:473 
hyperkalemia in recipients of kidneys 
preserved with 1980;59:283 
hypokalemia associated with 
terbutaline 1980;59:917 
hypokalemia management {questions 
and answers) 1976;55:276 
in hypokalemic dogs treated with 
digoxin 1978;57:108 
radiation and succinylcholine 
hyperkalemia 1982;61:83 
release reduced by 
diphenylhydantoin (abstract) 
1980;59:525 
scavenging of potassium cardioplegic 
solution 1983;62:780 
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serum potassium levels during and 
after terbutaline 1981;60:723 
succinylcholine increased plasma 
potassium 1975;54:680 
succinylcholine-induced hyperkalemia 
in a patient with Parkinson’s 
disease 1980;59:444 
succinylcholine-induced increases in 
plasma catecholamine levels (letter) 
1984;63:465 
succinylcholine, repeated doses and 
renal failure 1975;54:746 
sodium, effects on anesthetic 
requirement, compared with 
potassium and osmolality 1978;57:404 
Isoflurane, see Anesthetics, volatile 
Iso-Indoklon, see Anesthetics, volatile 
Isoproterenol, see 
Heart 
Sympathetic nervous system 
Sympathomimetic agents 
Isosorbide, see 
Anesthetic techniques, hypotensive 
Pharmacology 
Jehovah's Witnesses, see Organizations 
Journals, see Anesthesiology, journals 
Jugular vein, see Veins 
Kanamycin, see Antibiotics 
Kidney 
acute failure, pancuronium 1976;55:343 
aortic valve replacement, anesthetic 
considerations 1975;54:24 
blood flow 1983;62:499 
changing following sodium 
nitroprusside during 
nephrolithotomy 1977;56:102 
differences in autoregulation during 
anesthesia with halothane, 
methoxyflurane, or alphaprodine in 
dog 1978;57:389 
during combination nitroprusside- 
dopamine infusions (abstract) 
1980;59:530 
effects of isoflurane and halothane 
anesthesia 1984;63:557 
induction agents and renal 
hemodynamics 1982;61:853 
methylene blue injection 1976;55:674 
neurofibromatosis (case history) 
1975;54:542 
diuretics 
cardiovascular and cation effects of 
urea 1981;60:641 
effect of preoperative administration 
of furosemide (abstract) 1983;62:248 
furosemide, recovery of evoked 
twitch response after pancuronium 
1980;59:55 
hyponatremia after administration in 
the presence of renal failure 
1981;60:165 
mannitol defect in oxygenation 
associated with 1979;58:145 
mannitol, effects on blood volume 


and central hemodynamics during, 
cerebral aneurysm surgery 
1983;62:875 
norepinephrine excretion, morphine 
anesthesia 1975;54:509 
renal perfusion, nitroprusside and 
1979;58:156 
neurosurgery (abstract) 1982;61:213 
function 
effect of anesthetic dose of morphine 
1975;54:357 
enflurane, failure of, in altering renal 
responses to acute intracranial 
pressure increases 1978/57:200 
methoxyflurane biotransformation, 
vaginal delivery or cesarean section 
1976;55:415 
nitroprusside, hypotension induced 
by effect on renal function 
1978;57:521 
nitrous oxide modification of 
halothane-altered 1977;56:690 
renal function and stress response 
during halothane or fentanyl 
anesthesia 1981;60:552 
mannitol, hyponatremia after 
administration in the presence of — 
renal failure 1981;60:165 
microsomes, extrahepatic 
biotransformation of halothane and 
enflurane 1981;60:129 
nephrology 
acute renal failure, prolonged 
neuromuscular blockade with 
pancuronium 1976;55:343 
aortic valve replacement, anesthetic 
considerations 1975;54:24 
effect of anesthetic doses of morphine 
on renal function 1975;54:357 
renal effects, sevoflurane and 
methoxyflurane 1975;54:829 
renal failure, succinylcholine effect on 
potassium 1975;54:746 
renal transplantation, regional 
anesthesia 1976;55:69 
severe hypertension, Wilms’ tumor 
1976;55:519 
sevoflurane and methoxyflurane 
1975;54:829 
succinylcholine effect on potassium _ 
1975;54:746 
renal hypertension, neurofibromatosis 
(case history) 1975;54:542 
transplantation 
(abstract) 1984;63:202 
acute hemodynamic changes 
1984;63:158 
hyperkalemia in kidneys preserved 
with potassium 1980;59:283 
regional anesthesia 1976;55:69 
urea, cardiovascular and cation effects 
1981;60:641 
urinary retention, effect of epidural 
morphine and naloxone reversal 
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Kidney—continued 
1983;62:641 
Wilm’s tumor 1976;55:519 
Kyphoscoliosis, see Complications 
Labetol, see Sympathetic nervous system, 
alpha-adrenergic antagonist 
Laboratory screening 
unexpected hepatic dysfunction 
1976;55:810 
Lactate, see Metabolism 
Laparoscopy, see 
Surgery 
Intubation, endotracheal 
Intubation, tracheal 
Laryngoscopy, see 
Anesthetic techniques 
Intubation, tracheal 
Larynx 
Surgery, laryngoscopy 
Laryngospasm, see Larynx, spasm 
Laryngotracheoesophageal cleft, see 
Airway 
Complications 
Larynx 
edema, postintubation croup in children 
1977;56:501 
intubation, complications 
1984;63:335 
laryngoscopy, and tracheal intubation, 
circulatory response to, with or 
without prior oropharyngeal lidocaine 
1977;56:618 
pneumatocele, a complication of 
percutaneous transtracheal ventilation 
(brief reports) 1976;55:600 
postintubation complications, laryngeal 
pathology following long-term oral 
and nasal 1978;57:663 
rediscovering the larynx (letter) 
1983;62:855 
spasm 
as early indicator of aspiration 
1978;57:119 
extubation, controlled by lidocaine, in 
children 1978;57506 
stenosis, acromegaly 1976;55:57 
trachea and, evaluation by 
xeroradiggraphy (brief reports) 
1976;55:598 
_ translaryngeal intubation, acute 
respiratory failure 1976;55:195 
transtracheal or translaryngeal (letter) 
1983;62:371 
use of kit as guide for endotracheal 
intubation 1977;56:287 
vocal cord paralysis, following 
endotracheal intubation (questions 
and answers) 1977;56:321 
see 2 
Anesthesia, otolaryngologic 
Surgery, otolaryngologic 
Lasers, see 
- Equipment 
Surgery, laryngoscopy 
Lavage, see Lung j 


Legal aspects of anesthesia, see 
Medicolegal 
Leukocytes, see Blood 
Liability, see Medicolegal 
Lidocaine, see 
Anesthetics, local 
Heart, arrhythmias 
Ligamentum flavum, see 
Anatomy 
Anesthetic techniques, epidural 
Lincomycin, see Antibiotics 
Lithium, see Pharmacology 
Liver 
biliary spasm, narcotic-induced, 
reversed by glucagon 1980;59:946 
biliary tract 
effects of narcotics 1984;63:139 
pressure changes induced by narcotic 
drugs and inhalation anesthetics 
1979;58:120 
pressure, narcotic-induced 
hypertension 1984;63:441 
blood flow 
during halothane anesthesia and 
hypoxia 1981;60:306 
effects of isoflurane and halothane 
anesthesia 1984;63:557 
hepatotoxicity and surgical trauma 
1982:61:79 
isoflurane, effect with or without 50% 
nitrous oxide 1983;62:499 
phenobarbital-treated rats, halothane 
and hypoxia (abstract) 1980;59:558 
relationship with halothane and 
hypoxia (letter) 1981;60:769 
cirrhosis, portacaval shunt surgery 
(abstract) 1982;61:185 
enzymes, inactivated by nitrous oxide 
1982;61:75 
function, during nitrous oxide 
anesthesia 1983;62:317 
function, multiple laboratory screening 
1976;55:810 
function, protective effect of oxygen 
during halothane anesthesia 
1978;57:481 
halothane, injury 1982;61:824 
halothane lesions 1975;54:332 
hepatic clearance of lidocaine, during 
nitrous oxide anesthesia in dogs 
1976;55:322 
hepatics, enflurane (letter) 1980;59:890 
hepatitis 
cephalosporin (letter) 1980;59:806 
diagnosis and management in 
operating-room personnel 
1977;56:366 
effects of isoflurane 1984;63:775 
enflurane anesthesia 1980;59:146 
fatal necrosis after halothane, with 
juvenile rheumatoid arthritis 
1977;56:589 
lesions 1975;54:332 
pathology 1976;55:235 
prevalence in anesthesia personnel 


SUBJECT INDEX 


1984;63:433, 738 
hypoxia 
halothane-induced injury 1982;61:824 
injury 1982;61:820 
responses 1984;63:885 
methionine synthetase 
inactivated by nitrous oxide 
1982;61:75 
microsomes, extrahepatic 
biotransformation of halothane and 
enflurane 1981;60:129 
neuromuscular relaxants, pharmaco- 
kinetics and pharmacodynamics 
of gallamine in patients with total 
biliary obstruction 1981;60:289 
pathology, in animals sensitized to a 
halothane metabolite and subsequent 
halothane exposures 1976;55:235 
toxicity 
and surgical trauma 1982;61:79 
anesthetics 1982;61:812 
anesthetic induced 1983;62:140, 146 
anesthetic-induced injury 1984;63:1076 
effect of halothane, isoflurane, and 
blood loss 1984;63:965 
effects of isoflurane on halothane- 
induced hepatic injury 1984;63:888 
halothane 1982;61:809 
responses to volatile anesthetics: 
changes in surface scanning and 
enzyme leakage 1978;57:605 
with celiac plexus block 1984;63:479 
transplantation, (abstract) 1984;63:246 
Local anesthetics, see Anesthetics, local 
Lofentanyl, see 
Analgesics 
Anesthetics, intravenous 
Lorazepam, see 
Hypnotics, benzodiazepines 
Premedication 
Lung 
absorption-excretion volume effect 
1976;55:51 
acute respiratory failure, goal-directed 
therapy 1980;59:831 
airway pressure, effects of high- 
frequency jet ventilation 1984;63:1065 
amine uptake, inhibition of 5- 
hydroxytryptamine removal by free 
radicals 1982;61:666 
antibacterial defense mechanisms, effect 
of halothane 1979;58:505 
aspiration 
antacid (abstract) 1982;61:183 
antacids 1982;61:288 
antacids and gastric acid 
neutralization 1984;63:325 
bronchial asthma pharmacology 
(editor’s choice) 1975;54:227 
bronchial blockade balloon-tipped 
catheter (brief reports) 1976;55:874 
bronchial blockade, bronchopleural- 
cutaneous fistula in a child (brief 
reports) 1976;55:874 
cimetidine for prophylaxis 1979;58:426 
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combined effects of pH and volume 
(abstract) 1983;62:266 
foreign body in neonate 1977;56:726 
(letter) 1984;63:1142 
pneumonia prophylaxis (editorial) 
1983;62:1055 
pulmonary effects of volume and pH 
1984;63:665 
pulmonary lesions after antacid and 
cimetidine (abstract) 1980;59:547 
tracheal, simple technique to 
minimize 1976;55:816 
unilateral hydrochloric acid (abstract) 
1982;61:207 
asthma 
halothane and enflurane protect 
against bronchospasm in dog 
1978;57:629 
perioperative management 
1984;63:844 
atelectasis 
during anesthesia 1980;59:792 
inadvertent right main bronchial 
intubation 1983;62:851 
bronchospasm 1981;60:839 1983;62:104 
cardiopulmonary bypass 1982;61:538 
bronchus 
changes during prolonged 
cannulation 1980;59:759 
depression of mucociliary clearance 
by thiopental and halothane 
1979;58:387 
effect of lidocaine in 
bronchoconstriction 1981;6(:28 
halothane and ketamine failure to 
alleviate carcinoid syndrome 
1980;59:621 
intrathoracic large airway 
circumference 1982;61:693 
mainstem rupture during general 
anesthesia 1979;58:59 
unusual airway problem (brief 
reports) 1976;55:746 
capillary pressure, serum oncotic 
pressure 1982;61:496 
compliance 
atropine and glycopyrrolate etfects on 
lung mechanics 1981;60:85 
changes following chest 
physiotherapy 1980;59:207 
edema 1984;63:363 
comparison of positive end-expiratory 
pressure and inspiratory positive 
pressure plateau in ventilation 
1979;58:288 
during laparoscopy 1982;61:699 
effect of ketamine 1983;62:398 
following cardiopulmonary bypass 
1978;57:367 
progesterone for Pickwickian 
syndrome, respiratory implications 
1977;56:133 
function 
airway response following topical 


anesthesia with lidocaine 1980;59:123 ` 
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atropine and glycopyrrolate effects on 
lung mechanics 1981;60:85 
before and after prolonged 
continuous positive airway 
pressure by mask (abstract) 
1983;62:286 
gas exchange, pulmonary 1975;54:409 
influence on aging 1983;62:764 
noninvasive measurement of gas 
exchange 1980;59:263 
pancuronium, following pretreatment 
dose 1980;59:659 
postoperative recovery of 1981;60:46 
hemodynamics, and baroreceptor 
reflexes during halothane and 
halothane-nitrous oxide anesthesia 
1981;60:701 
intramuscular succinylcholine in infants 
1981;60:220 
intravascular pressure (letter) 1984;63:89 
intravascular pressures, capillary (letter) 
1982;61:805 
lavage, anesthetic management 
1977;56:661 
microsomes, extrahepatic 
biotransformation of halothane and 
enflurane 1981;60:129 
obstructive pulmonary disease 
and respiratory complications during 
anesthesia 1983;62:975 
respiratory control 1980;59:865 
oxygen toxicity, inhibition of 5- 
hydroxytryptamine removal by free 
radicals 1982;61:666 
phagocytosis, general anesthesia 
1975;54:501 
physiotherapy, changes in lung/thorax 
compliance 1980;59:207 
physiotherapy, effect on arterial 
oxygenation 1978;57:28 
pneumocardiography, determinants and 
genesis of 1978;57:653 
pneumonia, effects of positive end- 
expiratory pressure 1979;58:208 
pneumothorax, suction applied to 
ventilator exhaust valve 1979;58:147 
pulmonary vasculature, response to 
nitroprusside 1978;57:551 
respiratory distress, model, high- 
frequency ventilation compared with 
conventional mechanical ventilation 
1982;61:323 
respiratory distress syndrome 
1983;62:284 
(abstract) 1984;63:241 
respiratory failure, management with 
combined high-frequency ventilation 
1983;62:39 
serotonin uptake, inhibition of 5- 
hydroxytryptamine removal by 
anesthetics 1982;61:671 
shunting 
anesthetics and pulmonary venous 
admixture in pregnant and 
nonpregnant sheep 1979;58:318 


induced hypotension 1982;61:231 
one-lung anesthesia 1982;61:507 
perfusion characteristics during 
cardiopulmonary bypass and 
subsequent changes in alveolar- 
arterial oxygen tension gradients 
1978;57:298 
serum, oncotic pressure 1982;61:496 
vasodilators and pulmonary venous 
admixture (abstract) 1980;59:532 
trachea 
anesthesia for extensive resection of 
stenosis in infant 1979;58:431 
anesthetic management of patient 
with obstructing intratracheal mass ` 
1977;56:295 
changes during prolonged 
cannulation 1980;59:759 
cilia, effect of halothane 1979;58:500 
effect of nitroglycerin on large 
airways 1983;62:421 
guinea pig muscle, comparison of 
procaine, lidocaine, and ketamine 
in inhibiting histamine-induced 
contracture in 1978;57:25 
larynx and, evaluation by 
xeroradiography (brief reports) 
1976;55:598 
oxygen jet ventilation (letter) 
1982;61:622 
oxygen jet ventilation during 
reconstruction of, in tracheal 
stenosis 1977;56:429 
pathology following intubation with 
endotracheal tube cuffs 1978;57:577 
sterile aspiration, nonhypoxemic 
system for 1977;56:449 
tracheal cilia 
effect of halothane, enflurane and 
nitrous oxide 1980;59:426 
local anesthetics and ring activity 
1978;57:448 
tracheitis, airway management in 
children 1984;63:860 
tracheal epithelium, squamous 
metaplasia, high volume, low 
pressure airway cuffs 1975;54:340 
tracheal lidocaine e 
circulatory changes, anesthetic 
induction 1976;55:77 
tracheal stenosis, resection 
1976;55:191 
tracheobronchial trauma, influence of 
suction catheter tip design 1976;55:290 


‘tracheostomy, acute respiratory failure 


1976;55:195 
transplantation (abstract) 1984;63:251 
vascular resistance, nitrous oxide 
1980;59:323 s 
vasculature, effects of dobutamine, 
dopamine, and isoproterenòðl 
(abstract) 1981;60:247 
venous admixture, during high- 
frequency ventilation 1982;61:735 
water (abstract) 1984;63:215, 216, 226 
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Lymph, see 

Blood 

Potency, anesthetic 
Machines, anesthesia, see Equipment 
Magnesium, see Ions 
Malignant pyrexia, see Hyperthermia 
Malpractice, see Medicolegal 
Mannitol, see 

‘Fluid balance 

Kidney, diuretics 
Manpower 1983;62:124 


changing medical specialties 1982;61:504 


migration of physicians to and from 
anesthesiology (letter) 1983;62:702 
nurse anesthetists 
auditing performance 1984;63:611 
drug abuse 1983;62:467 
recruitment, medical student views of 
anesthesiology 1979;58:443 
residents, national survey of medical 
student attitudes 1979;58:201 
Massage, cardiac, see Heart, massage 
Maxillofacial surgery, see Surgery 
Measurement techniques 
airway obstruction, tests of, 
interrelationships and physiologic 
significance 1977;56:242 
anesthetic gases, response time of 
Narcotest monitor 1977;56:395 
anesthetics, halogenated, cross- 
sensitivity in the Engström EMMA 
1984;63:75 
blood pressure 
(abstract) 1984;63:222 
effect of air bubbles (abstract) 
1983;62:289 
infant blood pressure monitor 
1981;60:742 
(letter) 1982;61:476 
calculators, hemodynamic monitoring 
with (letter) 1981;60:67 
cardiac output 
effect of catheter thrombus 
1983;62:1031 


effect of halothane and pentobarbital 
on dispersion of indicator particles 


in central circulation 1977;56:68 

monitoring with pocket calculators 
(letter) 1981;60:67 7 

thermodilution computer (letter) 
1982;61:162 

thermodilution injection (letter) 
1982;61:544 

cardiovascular, hemodynamic tracking 
system 1980;59:169 


cerebral pH, changes during asphyxia, 


hypotension, and circulatory arrest 
1977;56:817 

chromatography 1984;63:1059 

column 1984;63:1059 

cyanide, limitations for use in plasma 
and whole blood 1979;58:457 

dead space, mechanical ventilators 
1980;59:488 


L Y 


Doppler 
blood pressure monitoring 
1979;5&526 
cardiac output (abstract) 1983;62:261 
headset ataptation for use with 
person.lized earpiece 
(correspondence) 1977;56:469 
monitor, -n cannulation of 
nonpaloable artery 1977;56:125 
percutaneous cannulation of weakly 
palpab= arteries 1977;56:448 
radial arter~ cannulation 1984;63:346 
ultrasound, positioning the flow 
detector probe (letter) 1982;61:69 
echocardiography, ventricular diastolic 
volume and cardiac performance 
during hzlothane anesthesia 
1979;58:23 
electrochemical detection 1984;63:1059 
electrodes, entanyl—air-oxygen 
anesthesw in preterm infants 
1981;60:3 31 
electromyozram 
evoked compound, instrument for 
contint ous recording of 1977;56:260 
fade of n2urally evoked compound, 
during-neuromuscular block by 
d-tubocurarine 1977;56:271 
evoked potentials 1981;60:779 
fluoride assay, limitations 1982;61:786 
fluorinated metabolites, detection by 
sodium fasion 1980;59:61 
gas chromatography, elimination of 
metabolis after epidural anesthesia 
with 2-cHoroprocaine 1983;62:1089 
gas tensiors, transcutaneous Pco, 
1981;60:5)4 
halothane, ultraviolet spectroscopy 
1980;59:431 
high-performance liquid 
chromatcgraphy, determination of 
bupivaca_ne in plasma 1984;63:448 
liquid 1984.53:1059 
liquid-crystal thermometry, inaccuracy 
of 1982;6_:284 
liquid-crys&l thermometry 1978;57:669 
mass spect-ometry, detecting anesthesia 
circuit dysfunction 1984;63:536 
motor bloc=ade, assessment of motor 
blockade during epidural anesthesia 
1983;62:339 
neuromuscular blockade 
100-herté tetanus and train-of-four 
1982;6- :439 
cumulative dose-response curves for 
gallam_ne 1979;58:377 
monitoring 1980;59:308 
nondepcaarizing, spontaneous 
recovery from 1977;56:55 
quantitafive measurement of the 
isometic contraction of the 
adducor pollicis muscle 1983;62:602 
succinylcholine, during balanced 
anesthesia 1980;59:110 


SUBJECT INDEX 


tetanic fade and post-tetanic tension 
in absence of blocking agents 
1978;57:102 
neuromuscular function, mechanical 
recovery after fazadinium 1982;61:225 
oximeter, evaluation of fiberoptic 
catheter 1982;61:676 
oxygen 
assessment of arterial oxygenation 
1982;61:582 
fentanyl—air—-oxygen anesthesia in 
preterm infants 1981;60:331 
pain, fentanyl anesthesia and painful 
tooth pulp sensations 1982;61:751 
pH, cerebral, changes during asphyxia, 
hypotension, and circulatory arrest in 
dog 1977;56:817 
pneumocardiography 
automated measurement and 
frequency analysis in 1978;57:647 
determinants and genesis of 
1978;57:653 
pulmonary gas exchange, noninvasive, 
during general anesthesia 1980;59:263 
sensory block, tetanic electrical current 
1980;59:796 
spectrometry, continuous measurement 
of uptake of anesthetic and 
respiratory gases (abstract) 
1983;62:263 
temperature, liquid crystal thermometry 
1979;58:351 
thermometric estimation of carbon 
dioxide output 1975;54:206 
tomography, cerebral computer, 
anesthetic considerations 1977;56:344 
transcutaneous 
(abstract) 1984;63:178 
monitoring during bronchoscopy and 
washout for cystic fibrosis 
1983;62:357 
monitoring during one-lung 
anesthesia (abstract) 1983;62:288 
oxygen tension, trend indicator of 
arterial Po, 1982;61:252 
Pcoz 1981;60:504 
transducers, pressure domes containing 
diaphragm, laboratory evaluation of 
1978;57:67 
ultrasound, techniques for locating the 
internal jugular vein 1984;63:673 
venous, continuous monitoring in 
critically ill patients 1982;61:513 
venous oxygen saturation 
continuous postoperative 
measurement 1984;63:873 


Median nerve, see Nerve 
Mediastinoscopy, see Surgery, 


mediastinoscopy 


Medicolegal 


acupuncture constitutes practice of 
medicine 1977;56:154 

anesthesiologist liable for patient's 
movement during eye surgery 


SUBJECT INDEX 


1977;56:320 
anesthetic manufacturer not liable for 
death of patient (physician and the 
law) 1976;55:202 
appendectomy settlement for brain 
damage (physician and the law) 
1976;55:45 
attorney urges study of doctor's 
professional relationships (physician 
and the law) 1976;55:756 
cardiac arrest during surgery, brain 
damage (physician and the law) 
1975;54:778 
dentists settle for $250,000 in cardiac 
arrest case (physician and the law) 
1975;54:398 
informed consent suit against 
anesthesiologist (physician and the 
law) 1976;55:906 
informed consent suit (physician and 
the law) 1976;55:906 : 
instructions for witnesses (physician 
and the law) 1975;54:94 
legal aspects of anesthesia, physician- 
patient relationship (questions and 
answers) 1976;55:463 
liability 
death of heart transplant donor 
(physician and the law) 1976;55:611 
manufactured (physician and the law) 
1976;55:202 
no liability for death of patient during 
anesthesia (physician and the law) 
1976;55:759 
physician’s, heart transplant donor 
(physician and the law) 1976;54:182 
malpractice, attorney urges study of 
doctors professional relationship 
(editor’s choice) 1976;55:756 
missionary 1975;54:184 
negligence 
anesthesia death (physician and the 
law) 1975;54:679 
not found in surgeon's failure to 
supervise anesthesiologist 
(physician and the law) 1976;55:459 
physician-patient relationship, legal 
aspects (questions and answers) 
1976;55:463 
physician’s travel expenses to seminar 
abroad may be nondeductible 
(physician and the law) 1975;54:464 
$1,237,500 settlement for brain damage 
during appendectomy (physician and 
the law) 1976;55:45 
$2,500,000 verdict for brain damage 
from cardiac arrest during surgery 
(physician and the law) 1975;54:778 
$325,000 settlement for death from 
negligence in anesthesia (physician 
and the law) 1975;54:679 
Memory 
absence of recall, general anesthesia 
1976;55:696 


4 


ANESTHESIA AND ANALGESIA 129 
Ten-Year Cumulative Index 1975-1984 


fentanyl effects 1980;59:948 
intraoperative 
(abstract) 1984;63:185 
during anesthesia 1983;62:239 
following ketamine for open-heart 
surgery 1978;57:267 
hypertensive crisis during high-dose 
fentanyl-diazepam—oxygen 
anesthesia 1983;62:698 
lorazepam, clinical evaluation 
1976;55:522 
lorazepam premedication 1976;55:792 
perioperative awareness and recall 
1976;55:513 
under regional anesthesia, intravenous 
lorazepam as a premedicant 
1976;55:368 
Meningitis, see Complications 
Meningoencephalocele, see 
Complications 
Meperidine, see Analgesics, narcotic 
Mepivacaine, see Anesthetics, local 
Metabolism 
acetate, failure to reverse myocardial 
depression in dogs anesthetized with 
halothane 1978;57:395 
adenosine triphosphate, antiarrhythmic 
action of, dogs 1982;61:423 
cortisol, extradural diamorphine and 
stress 1982;61:15 
definition (questions and answers) 
1976;55:760 
diabetes 
maternal and neonatal acid-base 
status and bupivacaine 
concentration in epidural 
anesthesia for cesarean section 
1981;60:574 
spinal anesthesia in diabetic 
parturients 1982;61:662 
fasting, anesthetics and liver toxicity, 
rats 1982;61:812 
glucose 
effects of enflurane on release of 
insulin by pancreatic islets 
1981;60:878 
extradural diamorphine and stress 
1982°61:15 
maternal-fetal glucose homeostasis 
1982;61:32 
vulnerability of myelinated fibers to 
glucose lack 1984;63:15 
insulin, use of artificial beta cell during 
anesthesia 1980;59:950 
lactate, anesthesia and hemorrhage 
1981;60:481 
malignant hyperthermia 1979;58:76 
myocardial, fentanyl effects during 
experimental ischemia 1980;59:644 
of sevoflurane and methoxyflurane, 
enzyme induced rats 1975;54:829 
Metabolism, drug, see Biotransformation 
Methadone, see Analgesics 
Methionine synthetase, see Enzymes 


Methohexital, see Anesthetics, 
intravenous 
Methoxyflurane, see Anesthetics, volatile, 
methoxyflurane 
Methylene blue, see Pharmacology 
Methylmethacrylate, see Surgery, 
orthopedic 
Metoclopramide, see 
Gastrointestinal tract, stomach 
Vomiting, antiemetics 
Metocurine, see Neuromuscular relaxants 
Metoprolol, see 
Heart 
Sympathetic nervous system, 
sympatholytic agents - 
Microsomes, see 
Biotransformation (drug) 
Liver 
Metabolism 
Microwave, see Equipmen 
Midazolam, see 
Hypnotics, benzodiazepines 
Premedication 
Mitochondria, see Metabolism 
Mitosis 
nitrous cxide, effect on thymidine and 
methionine syntheses in pregnant 
rats 1983;62:738 
Monitoring 
blood pressure, digital and sampled- 
data control during halothane 
anesthesia 1982;61:1010 
breathalyzer test and exposure to 
anesthetic gases (questions and 
answers) 1976;55:615 
carbon, detecting anesthesia circuit 
dysfunction 1984;63:536 
central venous and Swan-Ganz 
pressures (brief reports) 
1975:54:549 
central venous pressure, comparison of 
internal and external jugular vein 
routes 1980;59:40 
central venous pressure (brief reports) 
1975;54:157 
Doppler-assisted radial artery 
cannulation 1984;63:346 
EEG,‘ computerized, prognostic use in 
surgery 1983;62:186 
EEG, activity and nitrous oxide 
1981;6C:283 7 
electrocardiography 
comparison of CB; and Vs leads 
1981;60:849 
esophageal lead 1982;61:781 
for detecting myocardial ischemia 
1984;63:343 
electromyogram, during sutcirfylcholine 
infusion 1984;63:891 ə 
esophageal, electrocardiography 
1982;61:781 . 
evoked potentials 
carotid endarterectomy 1982;61:879 
effects of anesthetics on brainstem 
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Monitoring—continued 
evoked potentials—continued 
auditory evoked potentials 
1982;61:338 
intraoperative hypoxia detected by 
1981;60:437 
somatosensory, neurosurgical 
operations (abstract) 1982;61:186 
gas monitor, Narkotest, calibration 
(brief reports) 1976;55:441 
infant blood pressure monitor 
1981;60:742 
intraoperative spinal cord function, 
using hypnosis 1976;55:42 
jugular cannulation, ultrasound- 
simulated techniques 1984;63:673 
minimal respiration in man, using 
volumetric system 1975;54:232 
muscle twitch, during succinylcholine 
infusion 1984;63:891 
nerve, 100-hertz tetanus and train-of- 
four 1982;61:439 
nerve stimulator, neuromuscular 
blockade monitor 1980;59:308 
nerve stimulator for, in neuromuscular 
blockade 1978;57:13 
neuromuscular function 
electrode/transducer system 
1984;63:152 
(letter) 1984;63:1139, 1141 
oxygen 
assessment of arterial oxygenation 
1982;61:582 
evaluation of monitors 1981;60:53 
evaluation of monitors (letter) 
1981;60;539 
(letter) 1984;63:962 
pulmonary arterial catheters, early 
diagnosis of myocardial ischemia 
1981;60:789 
stimulator 1982;61:439 
succinylcholine infusion 1980;59:639 
temperature 
inaccuracy of liquid crystal 
thermometry 1982;61:284 
intraoperative 1983;62:211 
three-channel portable battery-powered 
(brief reports) 1975;54:546 
train-of-four stimulation, during 
succinylcholine infusion 1984;63:891 
“vascular 
blood pressure in great toe with 
simulated occlusion of dorsalis 
pedis artery 1978;57:453 
hydromediastinum after arterial 
catheterization 1980;59:159 
introducer for intraoperative 
pertutaneous insertion of Swan- 
Ganz catheter 1977;56:444 
percutaneous cannulation of weakly 
palpable arteries 1977;56:448 
pulmonary artery catheters, 
pathophysiology of rupture of the 
pulmonary artery 1983;62:925 


vascular (letter) 1983;62:702 
venous oxygen, continuous 
postoperative measurement 
1984;63:&3 
Morphine, see 
Analgesics 
Anesthetic:, intravenous 
Premedicaiion 
Multiple sclerosis, see Complications 
Muscle, skel=tal 
blood flow” effect of chemical 
sympathectomy on 1977;56:653 


calcium up-ake by isolated sarcoplasmic 


reticulura 1981;60:492 
electromyczram 
evoked compound, instrument for 


continous recording of 1977;56:260 


fade of reurally evoked compound, 
during neuromuscular block by 
d-tubocurarine 1977;56:271 
local anestnetic toxicity 
myotoxicity in rats and humans 
1981;6:471 
regenera-ion 1980;59:727 
single ard repeated injections of 
mepivacaine in rat 1980;59:275 
metabolisn., halothane-induced defect, 
hyperthermia-susceptible pig 
1980;59:250 
susceptibil ty to malignant 
hyperthermia 1983;62:324 
Muscular dystrophy, see Complications 
Mutagenicity, see Toxicity 
Myasthenia gravis, see Complications 
Myocardiunr see Heart 
Myotonias, see Complications 
Nalbuphine, see 
Analgesics 
Antagonis:s, narcotic 
Naloxone, see Antagonists, narcotic 
Naltrexone, .ee Antagonists, narcotic 
Narcotics, se Analgesics, narcotic 
Nausea, see vomiting 
Nebulizatior., see 
Aerosols 
Equipmen~ humidifiers 
Humidificetion 
Needles, see Equipment 
Neonate, see 
Anesthesig, obstetric 
Anesthesig, pediatric 
Neostigmine. see 
Antagonis:s, neuromuscular relaxants 
Enzymes, ~holinesterase 
Nerve 
cluneal 
neuropachy (correspondence) 
1978;57:381 
pain folbwing intragluteal injection 
1978;=7:138 
conduction 


differenial sensitivities of nerve fibers 


during pregnancy 1983;62:1070 
margin əf safety for transmission 


SUBJECT INDEX 


1982;61:561 
damage, postoperative, back roll 
1982;61:471 
differential blockade, lidocaine and 
bupivacaine 1983;62:754 
differential sensitivity 
local anesthetics 1982;61:570 
vulnerability of myelinated fibers to 
glucose lack 1984;63:15 
hypoosmotic solutions, neural 
responses to 1982;61:912 
median, compression following radial 
arterial puncture 1980;59:953 
spinal accessory, simple technique for 
block 1978;57:591 
steroid effects 1980;59:610 
stimulation 
electroanesthesia 1976;55:536 
transcutaneous, effect on 
postoperative pain 1983;62:1010 
treatment of post-operative pain 
(abstract) 1980;59:541 
stimulator 
analgesia from transcutaneous 
electrical stimulation 1981;60:81 
comparison of insulated and 
uninsulated needles for locating 
peripheral nerves 1984;63:925 
comparison of insulated vs 
uninsulated needles for electrical 
nerve location 1984;63:919 
effect on dose-response curves for 
gallamine 1979;58:377 
transcutaneous cranial electrical in 
reduction of narcotic requirements 
1982;61:863 
transcutaneous, narcotic requirements 
and (abstract) 1982;61:216 
transcutaneous, postoperative pain 
management 1982;61:449 
transcutaneous, treatment of reflex 
sympathetic dystrophy in a 6-year- 
old 1977;56:438 
transmission 1983;62:124 
Nerve block, see Anesthetic techniques, 
regional 
Neurofibromatosis 
renal hypertension, and cardiac 
dysrhythmias (case history) 
1975;54:542 
Neuroleptanesthesia, see 
Anesthetic techniques 
Anesthetics, intravenous 
Neuromuscular junction 
antibiotics 
block by polymyxin B 1977;56:373 
comparison of lincomycin and 
clindamycin 1977;56:329 
electrode/transducer system 1984;63:152 
trimethaphan 1976;55:353 
Neuromuscular relaxants 
action, pre- and postjunctional effects 
(letter) 1983;62:1137 
alcuronium 


SUBJECT INDEX 


effects on intraocular pressure 
1983;62:521 
inotropic effects, canine heart muscle 
1980;59:717 
alcuronium (letter) 1984;63:543 
allergy, life-threatening anaphylactoid 
reactions 1983;62:559 
allergy (letter) 1984;63:88 
atracurium 
(abstract) 1984;63:201, 223, 228, 283 
blocking drug 1982;61:721 
circulatory response 1976;55:485 
clinical pharmacology 1982;61:169 
clinical pharmacology (abstract) 
1982;61:199, 723 
comparison with other currently 
available muscle relaxants 
1983;62:524 
dosage, timing and correlation with 
degree of twitch suppression 
(abstract) 1983;62:246 
during halothane anesthesia 
1983;62:207 
effects on lower esophageal pressure 
1984;63:65 
hemodynamic effects in healthy 
patients (abstract) 1983;62:270 
in myasthenia gravis 1984;63:1127 
neuromuscular effects 1982;61:730 
pediatric pharmacology 1984;63:309 
bretylium, effect on neuromuscular 
transmission 1982;61:442 
dantrolene, cardiovascular and 
neuromuscular interactions 
1984;63:473 
decamethonium, as a substitute for 
succinylcholine (questions and 
answers) 1975;54:637 
d-tubocurarine 
(abstract) 1984;63:211, 258 
antagonism of succinylicholine- 
induced contracture of denervated 
muscle by 1981;60:605 
burns and pharmacokinetics 
1982;61:241 
burns trauma (abstract) 1980;50:549 
cardiovascular and neuromuscular 
effects in dogs 1980;59:26 
changes in blood pressure 1980;59:697 
comparative pharmacokinetics of 
(abstract) 1981;60:265 
comparison of non-depolarizing 
muscle relaxants in children 
1981;60:862 
determinants of plasma protein 
binding 1983;62:870 
drug interactions 1980;59:678 
effect on breathing patterns 
1983;62:809 
_ effect on neuromuscular transmission 
1982;61:442 
fade of neurally evoked compound 
electromyogram during block by 
1977;56:271 
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in infants and children 1981;60:335 
inotropic effects, canine heart muscle 
1980;59:717 
interaction with ketamine, in phrenic 
nerve-hemidiaphragm preparation 
in rat 1978;57:238 
interaction with pancuronium 
1984;63:437 
interaction with tobramycin 
1977;56:587 
lincomycin interaction 1975;54:103 
neonatal responses 1984;63:799 
neuromuscular blockade produced 
and maintained by 1981;60:175 
neuromuscular transmission and 
lithium 1982;61:399 
pancuronium-induced neuromuscular 
blockade, pyridostigmine 
1975;54:317 
potentiation and prolongation of 
pancuronium blockade with (letter) 
1981;60:229 
potentiation of neuromuscular 
blockade 1980;59:604 
protein binding effects 1983;62:160 
responses to, with changes in 
potassium 1978;57:417 
reversal of combination 
nondepolarized neuromuscular 
block 1983;62:1081 
sensitivity to, in steroid-treated 
myasthenia gravis 1978;57:132 
spontaneous recovery from 
nondepolarizing blockade, 
measurement of response 
1977;56:55 
temperature and neuromuscular block 
1981;60:18 
temperature and potency of (letter) 
1981;60:455 
fazadinium 
clinical pharmacokinetics of, in renal 
failure (abstract) 1980;59:529 
inotropic effects, canine heart muscle 
1980;59:717 
mechanical recovery after 1982;61:225 
gallamine 1980;59:484 
altered resting thumb tension and 
mode of stimulation 1979;58:377 
bolus and infusion administration 
1982;61:847 
comparison with atropine as 
pretreatment 1977;56:493 
comparison with d-tubocurarine, 
effects on fasciculations after 
succinylcholine 1975;54:81 
(letter) 1981;60:912 
pharmacokinetics and 
pharmacodynamics in patients with 
total biliary obstruction 1981;60:289 
hemodynamic effects, pancuronium and 
metocurine in combination 1981;60:12 
interaction with antibiotics, 
neuromuscular effects 1979;58:107 


interactian with local anesthetics, at 
neuromuscular junction 1978;57:580 
interactions (abstract) 1980;59:533 
malignant hyperthermia, variations in 
onset 1981;60:499 
measurement of response 
nerve stimulator for 1978;57:13 
spontaneous recovery from 
noncepolarizing blockade 
1977;56:55 
twitch depression and train-of-four 
ratio 1983;62:314 
metocurine 
(abstract) 1984;63:214, 254 
and pancuronium in burned children 
(abstract) 1983;62:281 
burned patient 1982;61:614 
cardiovascular and neuromuscular 
effects in dogs 1980;59:26 
cardiovascular effects during 
enflurane anesthesia 1978;57:540 
comparison of non-depolarizing 
muscle relaxants in children - 
1981;50:862 
hemodynamic effects in patients with 
coronary artery disease receiving 
propranolol 1977;56:255 
inotropic effects, canine heart muscle 
1980;59:717 
pancuronium and, advantages of 
combination 1981;60:12 
potency during halothane-N,O and 
N,O-narcotic anesthesia 1978;57:116 
potentiation of neuromuscular 
blockade 1980;59:604 
protein binding effects 1983;62:160 
resistance, patients with residual 
hemiplegia 1980;59:624 
nondepolarizing, neuromuscular 
blocking agents 1975;54:669 
norcuron, pharmacokinetics of (abstract) 
1982;61:176 
Org NC 45 
antagonism by neostigmine, 
pyridostigmipe, 4-aminopyridine 
1980;59:31 
cardiovascular and neuromuscular 
effects in dogs 1980;59:26 
pancuronium 1976;55:343, 1983;62:75 
100-hertz tetanus and train-of-four 
1982;€1:439 
(abstract) 1984;63:254, 258 
adult respiratory distress syndrome 
1975;54:219 
adverse drug interaction 1982;61:473 
age, sex, and disease, effects on 
plasma binding 1983;62:29 
anaphylactoid reactions 1984;63:865 
antagonism by neostignaine in cats 
1979;58:483 
antagonism of (abstract) 1982;61:178 
anticonvulsant medications and 
(abstract) 1982;61:203 
assessment of block with surface 
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Neuromuscular relaxants—continued 


pancuronium—continued 

electrodes (abstract) 1981;60:244 

binding sites, plasma or tissues 
(abstract) 1982;61:202 

cardiovascular and neuromuscular 
effects in dogs 1980;59:26 

cardiovascular effects during fentanyl 
anesthesia 1983;62:1059 

cardiovascular effects of meperidine- 
N20 before and after 1977;56:669 

combination with metocurine 
(abstract) 1983;62:251 

comparison of non-depolarizing 
muscle relaxants in children 
1981 ;60:862 

dose requirement, neuromuscular 
block (abstract) 1980;59:549 

d-tubocurarine induced 
neuromuscular blockade 
1975;54:317 

elimination 1982;61:313 

esophageal pressure 1984;63:65 

fasciculation, precurarization 
1975;54:71 

furosemide facilitates recovery of 
twitch response after 1980;59:55 

gentamicin interaction, renal failure 
(letter) 1980;59:393 

halothane 1979;58:497 

in infants and children 1981;60:335 

influence of succinylcholine on 
duration of blockade 1977;56:22 

influence on circulatory response 
during thiamylal-N2O halothane 
anesthesia 1976;55:485 

inotropic effects, canine heart muscle 
1980;59:717 

interaction with d-tubocurarine 
1984;63:437 

interaction with ketamine, in phrenic 
nerve-hemidiaphragm preparation 
of rat 1978;57:238 

(letter) 1984;63:166 

lithium, neuromusgular transmission 
1982;61:399 

malignant hyperthermia (letter) 
1980;59:889 

masseter spasm after 1980;59:509 

metocurine and, advantages of 
combination 1981;60:12 

‘metocurine combination (abstract) 
1981;60:271 

neostigmine and 4-aminopyridine 
antagonism of blockade with 
1978;57:316 

neostigmine and polymixin B, 
interaction and neuromuscular 
functionel976;55:224 

neuromuscular and 
electrocardiographic responses 
1983;62:50 

nitroglycerin and 1980;59:117 

pediatric cardiac anesthesia 
1981,60:798 


pharmasokinetics of (abstract) 
1982;€1:176 
potassium efflux 1976;55:474 
potentiacion and prolongation with 
d-tubccurarine (letter) 1981;60:229 
potentiacion of neuromuscular 
blockade 1980;59:604 
precuramization 1975;54:71 
predetemmination of dose requirement 
1980;59:722 
protein 2inding effects 1983;62:160 
pulmonary function following 
pretreatment dose 1980;59:659 
pyridostigmine, induced 
‘neuromuscular blockade 
1975;54:317 
recovery after laparoscopy 1984;63:51 
resistan» e, patients with residual 
hemiplegia 1980;59:624 
responsas to, with changes in 
potassium 1978;57:417 
reversal of combination 
nondepolarized neuromuscular 
block 1983;62:1081 
severe Hypertension with 1978;57:265 
spontan2ous recovery from 
nondepolarizing blockade, 
- measurement of response 
1977,55:55 
state of zeneral anesthesia and 
(edito-ial) 1979;58:449 
temperæure and neuromuscular block 
1981;€):18 
temperaure and potency of (letter) 
1981;€):455 
pretreatment 
adverse-effects of increased 
succir yicholine 1975;54:282 
circulatery changes during anesthetic 
inducion 1976;55:77 
reversal, glycopyrrolate and atropine, 
differenze 1980;59:431 
succinylcFoline 1983;62:75 
(abstrac) 1984;63:206, 240 
allergy o (letter) 1981;60:456 
anaphy-zxis, penicillin allergy 
1980;£9:944 
antagorism of contracture of 
denervated muscles by 
d-tubecurarine 1981;60:605 
apria, prolonged (case history) 
1976;5:5:737 
asystole after single dose of 
1978;5:7:135 
bradycardia 1975;54:705 
changes in serum potassium in 
patieats with infections 1983;62:327 
characteristics of neuromuscular 
blockade with, in neonates 
1978;37:63 
characteristics of phase II block 
(absteact) 1981;60:255 
characteristics of succinylcholine- 
produced phase II neuromuscular 
block during enflurane, halothane, 
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and fentanyl anesthesia 1981;60:192 

clinical characteristics of, during 
balanced anesthesia 1980;59:110 

comparison of gallamine and atropine 
as pretreatment before 1977;56:493 

congenital pyruvate kinase deficiency 
1982;61:620, 

contraindication 1979;58:61 

correlation of plasma cholinesterase 
and duration of, in pregnancy 
1977;56:78 

decamethonium (questions and 
answers) 1975;54:637 

diazepam pretreatment 1980;59:932 

dose relationships of tachyphylaxis 
and phase II block (abstract) 
1980;59:535 

d-tubocurarine increased 1975;54:282 

effect on plasma catecholamine levels 
1983;62:627 

effect on potassium concentrations 
1984;63:1146 

effects on intracranial pressure (letter) 
1984;63:620 

fasciculation, comparison of gallamine 
with d-tubocurarine 1975;54:81 

hyperkalemia in a patient with 
Parkinson’s disease 1980;59:444 

in infants and children 1981;60:335 

in obstetrics (letter) 1983;62:1051 

increased plasma catecholamine levels 
(letter) 1984;63:465 

increased sensitivity to, and 
cholinesterase 1978;57:422 

indicator of atypical 
pseudocholinesterase 1984;63:869 

influence on duration of 
pancuronium blockade 1977;56:22 

interaction with ketamine, in phrenic 
nerve-hemidiaphragm preparation 
of rat 1978;57:238 

intracranial and hemodynamic 
changes 1983;62:1006 

intracranial pressure in neurosurgical _ 
patients (abstract) 1980;59:550 

muscle electromechanical correlations 
1984;63:891 

muscle.pain, effects of diazepam 
1979;58:314 

muscle pains induced by, and 
diazepam 1978;57:295 

myoglobinuria, halothane 1976;54:680 

neuromuscular block reexamined 
(letters) 1980;59:633, 634 

newborn hypoventilation 1975;54:38 

pancuronium, potassium efflux 

. 1976;55:474 

plasma cholinesterase activity and 
tachyphylaxis 1982;61:941 

plasma potassium, increased 
1975;54:680 

postoperative sore throat (abstract) 
1983;62:253 

preoperative glycopyrrolate and’ 
atropine 1980;59:686 
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pretreatment for prevention of 
succinylcholine-induced myalgia 
1983;62:59 
prevention of hyperkalemia (abstract) 
1981;60:245 
prolonged neuromuscular blockade in 
parturient 1983;62:444 
pulmonary edema in infants 
1981;60:220 
radiation and hyperkalemia 1982;61:83 
release of catecholamines (abstract) 
1982;61:203 
renal failure, serum potassium 
1975;54:746 
requirements during halothane- 
nitrous oxide anesthesia (abstract) 
1983;62:251 
resistance 1979;58:57 
responses to, with changes in 
potassium 1978;57:417 
side effects (questions and answers) 
1975;54:637 
spontaneous recovery from 
nondepolarizing blockade, 
measurement of response 
1977;56:55 
tachyphylaxis and phase II block 
development 1980;59:639 
thiamylal 
tracheal intubation and, circulatory 
changes in patients with 
coronary artery disease 
1976;55:232 
with d-tubocurarine pretreatment, 
anesthetic induction 1976;55:77 
thiopental and, intraocular pressure 
1975;54:471 
train-of-four fade, and edrophonium 
antagonism of neuromuscular block 
1976;55:663 
vecuronium 
(abstract) 1984;63:177, 218 
and succinylcholine for cesarean 
section 1983;62:909 
cardiovascular effects during fentanyl 
anesthesia 1983;62:1059 
comparison with other currently 
available muscle relaxants 
1983;62:524 
effect of hypocarbia on anesthetic 
recovery 1984;63:608 
elimination of 1982;61:313 
recovery after laparoscopy 1984;63:51 
safety and efficacy in pediatric 
anesthesia 1983;62:1083 
verapamil-induced blockade reversal 
1984;63:155 
verapamil, neuromuscular and 
electrocardiographic responses 
1983;62:50 
Neuromuscular transmission 
lithium 1982;61:399 
measurement 
electrode type and placement 
(abstract) 1980;59:560 
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recovery from non-depolarizing 
neuromuscular blockade (abstract) 
1980;59:524 
nerve stimulator, cumulative dose- 
response curves for gallamine 
1979;58:377 
nucleotides 1981;60:91 
prejunctional and postjunctional 
cholinoceptors 1980;59:935 
stimulator, nerve, monitoring 
1980;59:308 
tetanic stimulation, in absence of 
neuromuscular blocking agents 
1978;57:102 
train-of-four, effect of neuromuscular 
relaxant antagonists 1983;62:314 
verapamil, effects on indirect muscle 
twitch responses 1983;62:827 
Neuropathy, see 
Complications 
Nerve 
Neurosurgery, see Surgery, neurologic 
Neurosurgical anesthesia, see Anesthesia, 
neurosurgical 
Nifedipine, see 
Heart 
Pharmacology 
Nitrogen dioxide, see Anesthetics, gases, 
trace concentrations 
Nitroglycerin, see 
Anesthetic techniques, hypotensive 
Pharmacology 
Surgery, cardiac 
Nitroprusside, see 
Anesthetic techniques, hypotensive 
Pharmacology 
Nitrous oxide, see Anesthetics, gases 
Norcuron, see Neuromuscular relaxants 
Norepinephrine, see Sympathetic nervous 
system 
Obesity, see Complications, obesity 
Obstetric anesthesia, see Anesthesia, 
obstetric 
Obstruction, see 
Airway 
Arteries 
Gastrointestinal tract 
Lung 
Operating rooms 
air pollution, nitrous oxide exposure 
1978;57:216 
communication system 1983;62:454 
exhaust systems 
anesthetic pollution control, 
mechanical aspects 1977;56:769 
monitoring occupational exposure to 
inhalation anesthetics 1977;56:778 
fire, potential ignition scurce 
1976;55:217 
fires (case history) 1975;54:152 
humidity (quesitons and answers) 
1976;55:134 
personnel 1979;58:302 
personnel, effect of anesthetic wastes 
(questions and answers) 1976;55:760 


pollution, government perspectives and 
guidelines 1977;56:775 
temperature, effect on patient body 
temperature 1980;59:852 
Ophthalmology, see 
Eye 
Surgery ophthalmologic 
Opioids, see Analgesics 
Oral surgery, see Surgery, dental, 
maxillofacial 
Organizations 
Anesthesia Foundation 1980;59:232 
book award 1978;57:159 
Jehovah's Witnesses, method of blood 
conservation in 1978;57:279 
World Federation of Societies of 
Anesthesiologists 1980;59:87 
Orthopedics, see Surgery, orthopedic 
Osmolality, see 
Blood 
Cerebrospinal fluid 
Kidney, urine 
Otolaryngology, see Surgery, 
laryngoscopy 
Quabain, see Heart 
Oximeter, see Measurement techniques, 
oxygen 
Oxygen 
air blending 
oxygen—air, nomogram 1977;56:290 
alveolar-arterial oxygen tension 
difference 1975;54:433 
factors affecting, open heart surgery 
1976;55:315 
alveolar-arterial tension gradients, 
perfusion characteristics during 
cardiopulmonary bypass 1978;57:298 
alveolar oxygen tension, calculation 
(correspondence) 1978;57:746 
anesthetic effect 1976;55:734 
arterial 
hypoxemia, intravenous ketamine 
1976;55:311 
oxygenation, decreased, sodium 
nitroprusside (brief reports) 
1976;55:880 
oxygenation during intubation 
1981;60:313 2 
oxygenation during laryngoscopy 
intubation 1981;60:316 
oxygenation, effects of intraoperative © 
PEEP 1975;54:427 
arteriovenous oxygen content, 
difference in shunt calculation 
1975;54:198 
chest physiotherapy, effect on Pao, 
1978;57:28 
consumption 
continuous Vo, and Vc@, 
measurements during endotracheal 
anesthesia 1982;61:362 
correlation with cardiovascular 
dynamics during N,O-fentanyl and 
N,O-thiopental anesthesia in dog 
1978;57:37 | 
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Oxygen—continued Pacemakers, see 


SUBJECT INDEX 


continuous epidural infusion of 


consumption—continued 
effect of Paco, during 
cardiopulmonary bypass 
1976;55:269 
heart, clinical anesthesia 1980;59:229 
gradients, fluctuating hypoxemia and 
pulmonary shunting following fatal 
head trauma 1977;56:129 
gradients, A-aDo, after open heart 
surgery 1976;55:315 
hyperbaric, hepatoprotective effect 
during halothane anesthesia 
1978;57:481 
measurement, fiberoptic catheter 
oximeter 1982;61:676 
mixed venous, continuous monitoring 
in critically ill patients 1982;61:513 
monitoring 
(abstract) 1984;63:178 
assessment of arterial oxygenation 
1982;61:582 
evaluation of monitors 1981;60:53 
evaluation of monitors (letter) 
1981;60:539 
oxyhemoglobin dissociation, cardiac 
disease and anesthesia 1980;59:751 
purity 
USP medical 1979;58:441 
USP standards (letters) 1980;59:314 
tension i 
compressed air—O,-anesthetic 
mixtures for neonate 1977;56:127 
critical level in anesthesia (abstract) 
1982;61:196 
general anesthesia 1982;61:950 
oxygenation during intubation 
1981;60:313 
oxygenation during laryngoscopy 
intubation 1981;60:316 
transcutaneous, as trend indicator of 
arterial Po, 1982;61:252 
tension difference, postoperative 
alveolar-arterial 1975;54:433 
therapy, in athletes and firemen 
1977;56:155 
tissue, clinical medicine 1982;61:527 
toxicity | 
case history 1976;55:588 
inhibition of 5-hydroxytryptamine 
z removal by free radicals 1982;61:666 
"intermittent exposure to 40 percent 
prolongs rat survival in 100 percent 
1977;56:847 
transport, patterns with cardiac surgery 
(abstract) 1983;62:281 
uptake 
diffusiofi in hyperoxia following 
preoxygenation 1977;56:59 
noninvasive measurement 1980;59:263 
viscosity; gas effects in anesthesia 
1980;59:192 
Oxyhemoglobin, see Oxygen 
Oxytocic drugs, see Anesthesia, obstetric 


Equipmert 
Heart 
Ventilation, artificial 


Pain 


acupuncture in obstetrics 1975;54:83 
bladder, treatment with transsacral 
nerve bock 1982;61:46 
causalgia, phantom tongue 1979;58:436 
central ne-vous system, serotonin 
1981;60354 
chronic 
analges c effect of transcutaneous 
electrcal stimulation 1981;60:81 
in depression 1984;63:1025 
with sonatization disorder 1984;63:163 
experimer tal 
cognitive reversal of expected nitrous 
oxide analgesia 1983;62:1073 
effect o intranasal cocaine in man 
1982;=1:358 
hypophysectomy, alcohol-induced 
pituitarz adenolysis 1979;58:279 
intractable, in adiposis dolorosa 
1976;55 257 
intractabl-, use of intrathecal cold saline 
(questicns and answers) 1976;55:131 
measurement, fentanyl anesthesia and 
painful tooth pulp sensations 
1982;61751 
mechanism 
dual-system hypothesis (letter) 
1982;51:886 
effect a: general anesthetics in 
primites (abstract) 1983;62:279 
myofascial, local anesthetics in stimulus 
analgesa 1981;60:752 
needle insertion (letter) 1984;63:373 
pathologi= 
abdom:nal, alcohol celiac plexus 
nerve block 1977;56:01 
alcohoLinduced adenolysis of 
pituiary: control of intractable 
cancer pain 1977;56:414 
treatment of chronic 1977;56:118 
peripheral nervous system, 
vulnerability of myelinated fibers to 
glucose lack 1984;63:15 
phantom Jimb, care of patients in pain 
clinic 1977;56:842 
postoperative 
attitudes toward postoperative 
analgesic care 1983;62:70 
brachia plexus block for relief after 
mastectomy 1982;61:986 
bupivazaine-morphine epidural 
anes hesia for prostatectomy 
1981 60:818 
compa-ison of dezocine and 
mep2ridine as postoperative 
analgesics 1978;57:563 
compazison of intramuscular and 
epidaral morphine in the grossly 
obes2 1984;63:583 


morphine 1984;63:757 
effect of hydroxyzine on morphine 
analgesia 1980;59:690 
effect of transcutaneous nerve 
stimulation 1983;62:1010 
effects of epidural buprenorphine 
1984;63:593 
effects of extradural morphine and 
heroin 1984;63:629 
epidural morphine for pain after 
cesarean delivery 1983;62:666 
epidural morphine for relief of 
1982;61:93, 236 
influence of epidural fentanyl 
1983;62:727 
(letter) 1984;63:372 
local anesthetics in man 1982;61:418 
management by fenoprofen and 
morphine 1982;61:1002 
morbid obesity 1980;59:902 
narcotics for analgesia 1980;59:473 
pulmonary function and (abstract) 
1982;61:171 
relief following acupuncture 1976;55:229 
sciatica 
delayed onset of epidural anesthesia 
1981;60:874 
subarachnoid corticosteroid injection 
1978;57:313 
serotonin, central nervous system 
1981;60:854 
spinal cord stimulation, facilitation of 
primary afferent depolarization 
1982;61:410 
tourniquet, transcutaneous electrical 
stimulation 1981;60:720 
transcutaneous electrical nerve 
stimulation, failure to alleviate pain 
1981;60:720 
transcutaneous electrical stimulation, 
increased skin temperature during 
1980;59:22 
trigger points, surgical scars 1982;61:518 
Palsy, see Complications, neurologic 
Pancuronium, see Neuromuscular 
relaxants 
Paracervical block, see Anesthetic 
techniques, regional 
Paraplegia, see Complications, paralysis 
Parasympathetic nervous system 
atropine 
alone and with morphine and 
scopolamine as intravenous surgical 
premedicants 1977;56:606 
cardiovascular effects of, in 
vagotomized dogs under halothane 
anesthesia 1977;56:338 
comparison with gallamine as 
pretreatment 1977;56:493 
domperidone effects, esophagus 
1980;59:921 
effect on gastric secretions in obesity 
1981;60:37 
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effects on lung mechanics 1981;60:85 
fetal and maternal cardiovascular 
effects 1983;62:426 
glycopyrrolate and, postanesthetic 
arousal times 1980;59:431 
glycopyrrolate and, preoperative, 
effect on arrhythmias and 
succinylcholine 1980;59:686 
hemodynamic effects and placental 
transfer in the pregnant ewe 
1981;60:710 
intravenous, effect on heart rate and 
arterial pressure 1975;54:262 
parasympathetic blockade and 
neostigmine 1981;60:557 
pre- and post-anesthetic use in 
patients with glaucoma (questions 
and answers) 1976;55:460 
pupil size, muscle relaxant reversal 
1980;59:615 
racial mydriatic response to 
premedication with 1978;57:572 
transient blindness following 
intravenous administration 
1977;56:872 
glycopyrrolate 
and antacids (correspondence) 
1978;57:145 
as premedication, control of gastric 
acidity by, in parturient 1977;56:642 
atropine and, postanesthetic arousal 
times 1980;59:431 
atropine and, preoperative, effect on 
arrhythmias and succinylcholine 
1980;59:686 
comparison with atropine during 
reversal of nondepolarizing 
neuromuscular block with 
neostigmine 1977;56:182 
effect on gastric secretions in obesity 
1981;60:37 
effects on lung mechanics 1981;60:85 
fetal and maternal cardiovascular 
effects 1983;62:426 
hemodynamic effects and placental 
transfer in the pregnant ewe 
1981;60:710 
parasympathetic blockade and 
neostigmine 1981;60:557 
scopolamine 
alone and with morphine and 
atropine as intravenous surgical 
premedicants 1977;56:606 
racial mydriatic response to 
premedication with 1978;57:572 
reduction of enflurane-induced spike 
activity 1980;59:417 
Paravertebral blocks, see 
Anesthetic techniques, regional, 
sympathetic 
Anesthetic techniques, regional, 
paravertebral 
Parkinsonism, see Complications 
Partition coefficients, see Solubility 


Patch, epidural, see 
Anesthetic techniques, epidural 
Complications, headache, spinal 
Pediatric anesthesia, see Anesthesia, 
pediatric 
PEEP, see Ventilation, positive end- 
expiratory pressure 
Penicillin, see Antibiotics 
Penis, see 
Anesthetic techniques, regional 
Complications, priapism, ejaculation 
Pentazepam, see Analgesics 
Pentazocine, see Analgesics 
Pentobarbital, see 
Anesthetics, intravencus 
Hypnotics, barbiturates 
Perfluorochemicals, see 
Blood 
Pharmacology 
Pericardium, see Heart 
Peridural, see Anesthetic techniques, 
epidural 
Pethidine, see Meperidine 
pH, see 
Acid-base equilibrium, pH 
Carbon dioxide 
Phantom limb, see Pain 
Phantom sensaticn, see Pain 
Pharmacodynamics 
d-tubocurarine, neonatal responses 
1984;63:799 
Pharmacokinetics 
aging and fentanyl 19&2;61:968 
alfentanil 1982;61:657 
aminophylline 
and uptake 1983;62:733 
cardiorespiratory effects and, during 
halothane anesthesia 1980;59:186 
diazepam 
effects of age and sex on 
bioavailability 1983;62:01 
in patients with severe burns 
1983;62:293 
d-tubocurarine 
in patients with thermal injury 
1982;61:241 
neonatal responses 1984;63:799 
eating, increase in anesthetic uptake, 
excretion, and blood solubility after, 
in man 1978;57:224 
etidocaine, effects in fetal and neonatal 
lambs and adult sheep 1982;61:104 
etomidate, infusion regimen for 
hypnosis 1983;62:654 
fentanyl 
aortocoronary bypass surgery 
1982;61:972 
during pediatric cardiac surgery 
1984;63:577 
effects on EEG 1984;63:489 
ventilatory depression during and 
after anesthesia 1983;62:966 
gallamine, bolus and infusion 
administration 1982;61:847 
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halothane 
effect of spontaneous versus 
controlled ventilation on alveolar 
concentration in dogs 1977;56:32 
error in sampling of exhaled gases 
(letter) 1983;62:955 
uptake and distribution in infants 
1983;62:404 
pharmacokinetics, inhalation anesthetics 
1982;61:587 
inhalation anesthetics, comparison by 
three-compartment linear model 
1982;61:587 
intravenous, epinephrine and spinal 
anesthesia 1982;61:746 
intravenous drugs, review 1978;57:704 
intravenous procaine, infusion in 
humans 1979;58:382 
ketamine, plasma levels in surgical 
patients 1982;61:87 
local anesthetics, during plexus blocks 
1977;56:852 
meperidine, gastric levels in surgical 
patients 1979;58:88 
scientific basis for drug selection 
1978;57:603 
spinal anesthesia 
effects of epinephrine on lidocaine 
(letter) 1984;63:542 
effects of phenylephrine and neural 
blockade after lidocaine 
1984;63:129 
uptake and elimination of local 
anesthetics 1983;62:1013 
subarachnoid, epinephrine and spinal 
anesthesia 1982;61:746 
uptake and excretion of 1-bromo-1,2,2- 
triflurocyclobutane, in man 
1976;55:853 
Pharmacology 
adenosine, hypotensive effects 
1982;61:273 
adenosine triphosphate, hypotensive 
effects 1982;61:273 
aminophylline 1983;62:115 
adverse drug interaction with 
pancuronium 1982;61:473 
antagonizes diazepam 1984;63:900 
cardiac arrhythmias in experimental 
animals 1981;60:517 
cardiorespiratory effects and, during ^ 
halothane anesthesia 1980;59:186 
cardiovascular effects with ketamine 
1982;61:685 
diazepam antagonist 1981;60:767 
effect on arrhythmogenicity of 
isoflurane 1983;62:568 
halothane anesthesia, experithental 
animals 1980;59:410 ə 
interaction with halothane, multiform 
ventricular tachycardia due to 
1978;57:740 
(letter) 1982;61:307 
review of 1981;60:587 
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Pharmacology—continued 
aminophylline—continued 
safety of enflurane following 
administration of 1981;60:871 
theophylline drug incompatibilities 
(letter) 1982;61:547 
uptake and pharmacokinetics 
1983;62:733 
chloralose, effects of anesthetics on 
brainstem auditory evoked potentials 
1982;61:338 
cimetidine 
and congenital tracheoesophageal 
fistula (letter) 1983;62:620 
effect on gastric fluid volume and pH 
1979;58:183 
effect on morphine-induced 
ventilatory depression (abstract) 
1983;62:270 
effects on gastric contents 1984;63:903 
efficacy and safety (abstract) 
1981;60:244 
oral antacid in obstetric anesthesia 
(abstract) 1981;60:246 
preanesthetic effect on gastric fluid 
pH and volume 1984;63:40 
cryptenamine, control of reflex response 
to sodium nitroprusside 1980;59:909 
dantrolene, cardiovascular and 
neuromuscular interactions 
1984;63:473 
diethylstilbestrol, therapy, plasma 
pseudocholinesterase deficiency and 
1978;57:726 
diuretics, furosemide facilitates recovery 
of evoked twitch response after 
pancuronium 1980;59:55 
dopamine, reduction of hypoxic 
ventilatory drive 1982;61:333 
general, pressures and people 
1978;57:06 
glycopyrrolate, preanesthetic effect on 
gastric fluid pH and volume 
1984;63:40 
ketanserin, treatment of postoperative 
hypertension after CABS 1983;62:63 
lithium 
and neuromuscular transmission 
1982;61:399 , 
paroxysmal left bundle branch block 
during nitrous oxide anesthesia in 
patient on 1977;56:868 
role in clinical anesthesiology 
(questions and answers) 1977;56:462 
methylene blue, hypertension and 
decreased renal blood flow 
1976;55:674 
metoclopramide, effects on gastric 
contents 1984;63:903 
nifedipine 
effect on the circulation during 
morphine-N,O and halothane 
anesthesia (abstract) 1983;62:284 
intracranial pressure (abstract) 
1983;,62:254 


intracranial pressure during 
hypofension 1983;62:1078 
preoperative management (letter) 
1983;€2:1138 
nitroglyce “in 
absorpttn to polyvinylchloride 
1982;€1:541 
(abstrac_) 1984;63:203, 263 
coronar” artery surgery (abstract) 
1982;€1:177 
for pulmonary congestion in patients 
with -nitral valve disease 
1979;£8:143 
hemodynamic effects of 1982;61:927 
metherroglobinemia associated with 
orgaric nitrate therapy 1979;58:521 
neuromuscular blockade produced by 
gallarmine, succinylcholine, 
d-tubecurarine, pancuronium and 
1980;£9:117 
vasodiletion with (letter) 1982;61:887 
nitroprusside 
(abstrac) 1984;63:190 
hemodynamic and hormonal changes 
and prevention with intravenous 
propranolol (abstract) 1983;62:259 
limitaticns of cyanide electrodes 
1979;5:8:457 
propracolol premedication and 
hypo-ension 1984;63:125 
reactior to toxicity (abstract) 
1983;42:247 
regiona. blood flow (abstract) 
1983; 32:262 
vasodil: tion with (letter) 1982;61:887 
perfluoro: arbons, liquid—gas partition 
coefficients of halothane and 
isoflurane 1984;63:690 
phenytoir. 
in cereEral ischemia 1979;58:165 
influenze on hypoxic survival in 
combination with hypothermia or 
hypecthermia 1981;60:867 
reduction of anoxic cerebral 
potassium 1981;60:41 
treatment of cerebral ischemia (letter) 
1981350:616 
preservat-ves, subarachnoid 
neurotexicity of acetone sodium 
bisulfit= (abstract) 1983;62:289 
ranitidine 
effects >n gastric contents 1984;63:903 
prophylaxis against Mendelson’s 
syndrome 1982;61:130 
ritodrine 
pulmosary edema following (letter) 
1981 50:695 i 
serum potassium levels during 
(absfact) 1982;61:191 
severe bronchial asthma (editor's 
choice] 1975;54:227 
sodium sulfite, induced chronic 
neurolegical deficits 1984;63:445 
sodium ritroprusside 
hypotensive effects of 1982;51:273 
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reflex responses to 1980;59:909 
tachyphylaxis, cholinesterase and 
succinylcholine 1982;61:941 
terbutaline 
hypokalemia in obstetrical patients 
1980;59:917 
pregnant patients 1980;59:391 
pulmonary edema during (letter) 
1981;60:695 
serum potassium levels 1981;60:723 
tetrodotoxin, effects on intracranial 
pressure 1984;63:1005 
theophylline 1983;62:115 
antagonism of neuromuscular 
blockage by 1979;58:139 
arrhythmogenicity in combination 
with halothane (letters) 1979;58:259 
verapamil 
(abstract) 1984;63:268, 269, 272 
and neuromuscular transmission 
(letter) 1983;62:1048 
cardiovascular and neuromuscular 
interactions 1984;63:473 
clinical and neuromuscular effects in 
pediatric patients (abstract) 
1983;62:264 
during coronary artery bypass graft 
surgery 1983;62:821 
effect on MAC for halothane 
(abstract) 1983;62:274 
effect on vecuronium neuromuscular 
blockade 1984;63:155 
effects on indirect muscle twitch 
responses 1983;62:827 
for treatment of arrhythmias after 
cardiopulmonary bypass 1984;63:460 
hemodynamic effects and placental 
transfer (abstract) 1983;62:277 
hemodynamic interactions with 
halothane 1984;63:791 
neuromuscular and 
electrocardiographic responses 
1983;62:50 
veratrum alkaloids, control of reflex 
response to sodium nitroprusside 
1980;59:909 


Phenobarbital, see 


Anticonvulsants 
Biotransformation (drug) 
Hypnotics, barbiturates 
Induction, enzyme 


Phenol, see Anesthetics, local 
Phenylalanine, see Proteins, amino acids 
Phenytoin, see Pharmacology 
Pheochromocytoma, see Surgery, 


pheochromocytoma 


Phosphorylase, see Enzymes 
Physical status, see Risk 
Physics 


dissociation constants, temperature 
dependence of local anesthetics 
1983;62:1025 
specific gravity 
isobaric tetracaine spinal anesthesia 
and lithotomy position 1981;60:810 


l 
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normal cerebrospinal fluid and 
tetracaine density 1981;60:814 
vapor pressures, volatile anesthetics 
1979;58:322 
viscosity, gas effects in anesthesia 
1980;59:192 
Physiotherapy, see Lung, chest 
Physostigmine, see Antagonists, 
miscellaneous 
Pickwickian syndrome, see 
Complications, obesity 
Pituitary, see 
Brain 
Surgery, neurologic 
Placenta 
(abstract) 1984;63:176 
atropine and glycopyrrolate in the 
pregnant ewe 1981;60:710 
Plasma, see Blood 
Plastic surgery, see Surgery, plastic 
Platelets, see Blood 
Pneumatocele, see Complications 
Pneumocardiography, see 
- Heart 
Lung 
Measurement techniques 
Pneumocephalus, see Complications 
Pneumonia, see 
Complications 
Lung 
Pneumoperitoneum, see Complications 
Pneumothorax, see Lung 
Pollution, see 
Anesthetics, gases, trace concentrations 
Anesthetics, volatile, trace 
concentrations 
Equipment, exhaust systems 
Polymyxin B, see Antibiotics: 
Polypeptides 
B-endorphin, clearance from 
cerebrospinal fluid 1984;63:511 
brain, anesthesia effects (abstract) 
1982;61:223 a 
endorphins, plasma and cerebrospinal 
fluid levels, pregnancy and 
parturition 1982;61:893 
renin—angiotensin, effects on blood 
pressure 1984;63:482 
renin—angiotension 1981;60:569 
Position 
central venous catheters, tip migration 
1984;63:949 
effects 
anesthesia related to (questions and 
answers) 1977;56:325 
cardiovascular, response to anesthesia 
in the seated position 1983;62:648 
displacement of right atrial and 
endotracheal catheters with neck 
flexion -1978;57:371 
seated (abstract) 1982;61:201 
sitting, ‘right atrial catheterization 
(abstract) 1982;61:205 
lateral sitting, neurosurgery 1976;55:326 
semirecumbent versus supine, effect on 
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postoperative oxygenation in 
markedly obese subjects 1976;55:37 
spread of epidural anesthesia 
1981;60:584 | 
Trendelenburg (abstract) 1984;63:239 
Positive end-expiratory pressure, see 
Ventilation 
Potassium, see lons 
Potency, anesthetic 
age, cyclopropane used to test 
anesthetic requirement in the elderly 
1984;63:998 
age factors, age-dependent responses to 
halothane 1981;60:182 
barbiturates and nitrous oxide 
susceptibility 1984;63:35 
clonidine reduction of halothane MAC 
1982;61:741 
convulsant gases and anesthetics 
1981;60:464 
EDso 
measurement of anesthetic potency 
1981;60:380 
potencies of nitrous oxide in mice 
bred for resistance or susceptibility 
1981;60:646 
fentanyl, comparison with thiopental 
1983;62:15] ° 
fetal MAC, for halothane 1983;62:09 
halothane, effects of deuteration 
1984;63:495 
halothane MAC 
and physostigmine in dogs 
1978;57:180 
effect of pancuronium 1979;58:497 
MAC 
and effects of brain sodium, 
potassium, and osmolality 
1978;57:404 
anesthetic properties of dioxychlorane 
1981;60:201 
comparison of halothane and nitrous 
oxide in swine 1984;63:529 
deliberate hypotension 1981;60:513 
effect on sufentanil 1983;62:987 
flurothyl 1981;60:464 
isoflurane 1981;60:464 
iso-Indoklon 1981;60:464 
measurement of anesthetic potency 
1981;60:380 
nitrous oxide 1982;61:553 
properties of dioxychlorane 1981;60:201 
righting reflex, potencies of nitrous 
oxide in mice bred for resistance or 
susceptibility 1981;60:646 
thiopental, comparison with fentanyl 
1983;621151 
Pregnancy 
abortion 
and trace concentrations of anesthetic 
gases 1978;57:328 
incidence in operating room 
personnel 1979;58:302 
nitrous oxide effect on rat fetus 
1980;59:175 


cerebrospinal fluid, (abstract) 
1984;63:204 
differential sensitivities of nerve fibers 
1983;62:1070 
endorphins, plasma and cerebrospinal 
fluid levels 1982;61:893 
epidural anesthesia, spread (letter) 
1979;58:350 
fetal blood flow, maternal halothane 
anesthesia reduction, acidotic sheep 
fetus 1980;59:35 
fetal development, developmental 
toxicity of methoxyflurane in mice 
1980;59:421 
halothane, effect of intrauterine 
exposure on postnatal autotolerance 
and brain weight 1983;62:565 
myasthenia gravis, anesthesia for 
1978;57:441 
pulmonary venous admixture, local 
anesthetics and 1979;58:318 
succinylcholine, correlation of plasma 
cholinesterase and duration of 
1977;56:78 
teratogenicity 
and trace concentrations of anesthetic 
gases 1978;57:328 
incidence in operating room 
personnel 1979;58:302 
nitrous oxide effect on rat fetus 
1980;59:175 
nitrous oxide, effect on thymidine 
and methionine syntheses - 
1983;62:738 
third trimester, effects of antacid 
volume 1984;63:752 
Premedication 
anticholinergic, effects on lung 
mechanics 1981;60:85 
anticholinergic, atropine (questions and 
answers) 1975;54:716 
atropine 
alone and with morphine and 
scopolamine 1977;56:606 
effects on Jung mechanics 
1981;60:85 
racial mydriatic response to 
1978;57:572 
atropine (questions and answers) 
1975;54:716 
coma‘and abnormal neurologic signs 
following 1980;59:79 i 
diazepam 
comparison with droperidol and 
 hydroxyzine 1977;56:496 
diazepam, droperidol, and 
hydroxyzine changes in airway 
resistance 1976;55:18 “**. ° 
effect on memory and learning 
1979;58:452 
intravenous, as surgical premedicant 
1977;56:211 
plasma levels 1975;54:173 
plus pentazocine, supplementing local 
analgesia 1976;55:177 


. + 


on 


e 


8 
138 ANESTHESIA AND ANALGESIA 


Ten-Year Cumulative Index 1975-1984 


Premedication——continued 
diazepam-morphine, effect on 
awareness and dreams, nitrous oxide 
anesthesia 1976;55:702 
droperidol, comparison with diazepam 
and hydroxyzine 1977;56:496 
glycopyrrolate 
contro] of gastric acidity by, in 
parturient 1977;56:642 
effects on lung mechanics 1981;60:85 
gastric acidity and (letters) 1979;58:157 
hydroxyzine, comparison with 
droperidol and diazepam 1977;56:496 
Innovar 1975;54:224 
lorazepam 
injectable 1976;55:522 
intramuscular, compared with 
hydroxyzine 1984;63:571 
lack of recall and relief of anxiety 
1976;55:792 
versus pentobarbital 1977;56:489 
midazolam, intramuscular 
premedication 1982;61:933 
morphine 
alone and with scopolamine and 
atropine 1977;56:606 
and promethazine as intravenous 
premedicants 1977;56:801 
comparison with nalbuphine 
1977;56:808 
nalbuphine, comparison with morphine 
1977;56:808 
oral, associated with endotracheal tube 
obstruction 1984;63:867 
pentobarbital, lorazepam versus 
1977;56:489 
promethazine, and morphine 1977;56:801 
RO 21-3981, intravenous, for 
premedication and anesthesia 
induction 1978;57:01 
scopolamine 
alone and with morphine and 
atropine 1977;56:606 
effect on memory and learning 
1979;58:452 ° 
racial mydriatic response to 
1978;57:572 
Preservatives, see Pharmacology 
Pressure, see 
Airway 
Blood pressure 
Brain, intracranial pressure 
Cerebrospinal fluid 
Eye, intraocular 
Heart, atrial, ventricular 
Hyperbaria 
Hypobaria 
Lung, irffravascular 
Microcirculation 
Temperature 
‘ Temperature, vapor 
Theories of anesthesia 
Veins, venous pressure 
Ventilation, positive end-expiratory 
_ Pressure 


Priapism, see Complications 
Procaine, see Anesthetics, local 
Progeria, se2 Complications 
Promethazime, see Ataractics, 
promethazine 
Propanidid, see Anesthetics, intravenous 
PropranoloL see 
Heart 
Sympathetic nervous system, 
sympatnolytic agents 
Prostaglandins, see Hormones 
Protamine, see Blood, coagulation 
Protein 
(abstract) 1984;63:247 
albumin, =ibrinogen deficiencies 
associated with packed red blood 
cells 1975;54:89 
albumin, Salt poor, in interstitial lung 
diseases 1979;58:13 
amino aczds, effect of d-phenylalanine 
on noczeptive, flexion reflex 
threshclds (letter) 1983;62:857 
binding, i-tubocurarine, determinants 
in healh and disease 1983;62:870 
diazepam influence on serum protein 
bindmng of bupivacaine 1984;63:980 
effects Df pH on, of lidocaine 
197857:478 
lidocaine 1981;60:395 
pancunmnium, effects of age, sex, and 
disease on plasma binding 
1983 62:29 
plasma neuromuscular relaxants 
1983 62:160 
intravencus albumin, prevention of 
spinal nypotension, cesarean 
1980;5°:655 
Pseudocho-inesterase, see 
Biotransfrmation (drugs) 
Enzymes 
Genetic actors 
Pseudoxan-homa elastium, see 
Corcplications 
Psychologm responses 
comparison of ketamine and thiopental 
1984;63:1087 
effect of subanesthetic concentrations of 
enflurzne and halothane on behavior 
1978;57:434 
postanesthetic 1984;63:653 
postope-=ative, halothane or enflurane 
anesthesia 1980;59:245 
trace concentrations 1979;58:475 
Publications 
criticism in medicine 1983;62:1013 
Pulmonar—, see Lung 
Pulseless Jisease, see Complications 
Pupil, see Eye 
Pyrexia, sze Hyperthermia 
Pyridostigmine, see Antagonists, 
necromuscular relaxants 
Questions and answers 
ASA classification 1976;55:614 


back pan, a contraindication to spinal 


anestresia 1975;54:505 
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balanced anesthesia 1976;55:907 
breathalyzer test, and exposure to 
anesthetic gases 1976;55:615 
congenital abnormality in the children 
of exposed OR personnel 1976;55:760 
endotracheal tubes 1975;54:715 
epidural antibiotics, with prolonged 
catheterization 1976;55:132 
filters used during massive blood 
transfusions 1975;54:45 
gag reflex 1976;55:461 
heparinization, operative 1975;54:506 
humidity in operating rooms 
1976;55:134 
intrathecal cold saline solution, for 
intractable pain 1976;55:131 
laryngoscope bulb, electrical hazard 
1975;54:505 
management of patient with 
hypokalemia on diuretic therapy 
1976;55:276 
myasthenia gravis, use of ester-type 
local anesthetic 1975;54:506 
NaHCO; use, with the administration 
of bank blood 1976;55:274 l 
peripheral nerve stimulator 1975;54:297 
physician—patient relationship, legal 
aspects of anesthesia 1976;55:463 
pre- and post-anesthetic use of 
atropine, in patients with glaucoma 
1976;55:460 | 
premedication, atropine 1975;54:716 
preoperative blood volume 
determination 1976;55:275 
regional versus general anesthesia 
1976;55:277 
safety in operation of rechargeable ECG 
monitor (Tektronix) 1976;55:613 
succinylcholine, avoidance of side 
effects 1975;54:637 
terminology and definition of word 
“metabolism” 1976;55:760 
terminology in anesthesia 1975;54:640 
“Torr”, origin of the word 1976;55:131 
use of electrocautery, during operation 
following ether skin prep 1975;54:210 
ventilating systems in operating rooms 
1975;54:297 
Race, see Genetic factors 
Radial artery, see Arteries 
Radiation, see Complications 
Ranitidine, see 
Gastrointestinal tract, stomach 
Histamine 
Pharmacology 
Recall, see Memory 
Receptors 
adrenergic 
and others 1979;58:510 
halothane--epinephrine arrhythmias 
1984;63:297 
trimethaphan-induced vasodilation 
1984;63:290 | 
B-adrenergic, effect of halothane in 
canine myocardium 1981;60:401 


i 
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carotid body, chemodectoma diagnosed 
by hypertension and tachycardia 
during anesthesia 1980;59:388 
chemoreceptors 
carotid body, hypoxic ventilation 
1984;63:106 
respiratory depression following 
bilateral carotid end-arterectomy 
1981;60:64 
H,, ranitidine, and Mendelson’s 
syndrome 1982;61:130 
opiate 1984;63:143 
narcotic dosage and CNS receptor 
binding 1983;62:705 
role in anesthesiology 1980;59:874 
opioid, anesthetic potency of 
nalbuphine 1981;60:629 
pressoreceptors, baroreceptor reflexes 
and pulmonary hemodynamics 
during halothane and halothane 
nitrous oxide anesthesia 1981;60:701 
presynaptic muscarinic 1984;63:1059 
Records, anesthesia 
auditing of performance 1980;59:465 
computerized, patient evaluation 
1983;62:198 
preoperative, summary of patients’ 
historical information, preanesthesia 
visit 1980;59:03 
PSRO system for anesthesiologists 
1977;56:16 
Recovery 1980;59:431 
ketamine 1975;54:169, 312 
measurement, from general anesthesia 
1979;58:324 
psychomotor tests 1984;63:653 
Recruitment, see Manpower 
Reflexes 
baroreceptor 
(abstract) 1984;63:237 . 
control of heart rate by epidural 
anesthesia 1983;62:815 
during halothane and halothane- 
nitrous oxide anesthesia in the dog 
1981;60:701 
see 
Eye 
Receptors 
Regurgitation, see Gastrointestinal tract, 
stomach 
Relaxants, see Neuromuscular relaxants 
Renal, see Kidney 
Renin, see 
Hormones 
Polypeptides 
Research 
criticism, in medicine 1983;62:1013 
ethics, hazards of ketamine in ischemic 
heart disease (letter) 1983;62:1044 
laboratory, closed system for 
biochemical experiments, volatile 
anesthetics 1981;60:435 
replication may be subject specific 
(letter) 1983;62:617 
Reserpine, see Ataractics, rauwolfia 
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Residents, see 
Education 
Manpower, recruitment 
Resistance, see 
Airway 
Blood pressure, peripheral vascular 
resistance 
Blood, viscosity 
Electrical systems 
Lung 
Respiration, see 
Metabolism, oxygen consumption 
Oxygen, consumption 
Ventilation 
Respiratory distress syndrome, see Lung 
Respirometry 
noninvasive assessment, extubation 
1975;54:807 
Resuscitation, see 
Anesthesia, obstetric 
Complications, cardiac arrest 
Complications, respiratory 
Heart, massage 
Shock 
Transfusion 
Ventilation, artificial 
Retrolental fibroplasia, see Eye 
Reversal, see Antagonists 
Rheology, see Blood 
Risk 
estimate 
in open heart surgery with 
cardiopulmonary bypass 
1981;60:623 
preoperative in cardiac surgery 
1981;60:625 
physical status classification (questions 
and answers) 1976;55:614 
Ritodrine, see Pharmacology 
Romano-Ward syndrome, see 
Complications 
Scavengers, see Equipment, exhaust 
systems 
Scheduling, see Anesthesia, scheduling 
Sciatic nerve block, see Anesthetic 
techniques, regional 
Scopolamine, see 
Parasympathetic nervous system, 
premedication 
Premedication 
Secobarbital, see Hypnotics, barbiturate 
Seizures, see 
Brain 
Complications 
Toxicity 
Serotonin 
antagonism, endotoxic shock (abstract) 
1982;61:204 
ketanserin for treatment of 
postoperative hypertension 1983;62:63 
pain and CNS serotonin 1981;60:854 
postoperative hypertension, coronary 
artery bypass surgery (abstract) 
1982;61:216 


l pulmonary uptake, inhibition of 5- 


hydroxytryptamine removal by free 
radicals 1982;61:666, 671 
Servo systems, see 
Anesthetic techniques 
Equipment 
Sevoflurane, see Anesthetics, 
Volatile 
Shock 
catechol response, blood flow effects 
(abstract) 1982;61:210 
circulatory, diagnosis and fluid 
treatment of 1979;58:124 
resuscitation, after intratracheal 
epinephrine 1984;63:829 
secondary to hypokalemia and 
hypocalcemia from enemas 
. 1981;60:762 
Shunt, see 
Lung, oxygen gradients 
Oxygen 
Surgery, neurological 
Ventilation 
Sickle cell disease, see Blood 
Skin 
color, cyanosis of upper extremities and 
vasodilation of lower limbs 
1981;60:453 
transcutaneous oxygen tension, trend 
indicator of arterial Po, 1982;61:252 
wound healing, in presence of nitrous 
oxide in rats 1978;57:527 
Sodium, see Ions 
Solubility 
blood, estimation (brief reports) 
1976;55:593 
blood, hematocrit effects on volatile 
anesthetics 1984;63:911 
blood-gas partition coefficient 
enflurane 1982;61:1006 
inhalation anesthetics, increase in 
uptake, excretion, and blood 
solubility after eating, in man 
1978;57:224 
oil, anesthetic properties of 
dioxychiorane 1981;60:201 
partition coefficients 
anesthetic properties of dioxychlorane 
1981;60:201 ° 
local anesthetics 1982;61:56 
water, anesthetic properties of . 
dioxychlorane 1981;60:201 
Somato-sensory evoked responses, see 
Brain, evoked potentials 
Monitoring, evoked potentials 
Specific gravity, see Physics 
Spectrometry, see Measurement 
techniques heeds 
Sphygmomanometer, see Equipment 
Spinal accessory nerve, see Nerve 
Spinal anesthesia, see Anesthetic 
techniques, spinal 
Spinal cord 
diazepam, effects on evoked 
electrospinogram and evoked 
electromyogram 1981;60:197 T a 
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Spinal cérd-—continued 
injuries, anesthesia and autonomic 
hyperreflexia 1982;61:344 
intraoperative function, monitoring 
using hypnosis 1976;55:42 
stimulation, facilitation of primary 
afferent depolarization 1982;61:410 
subarachnoid steroids 1978;57:313 
Statistics 
computer assisted patient evaluation 
, 1983;62:198 
interpretation of negative results (letter) 
1983;62:1045 
(letter) 1984;63:1050 
mean pH values, hydrogen ion 
concentration versus 1979;58:487 
medical 1976;55:82, 357, 846 
methods . 
linear regression (letter) 1982; 61:956 
postanesthetic hepatic injury (letter) 
1982;61:718 
question of (correspondence) 
1977;56:467 
Student's t-test (questions and 
answers) .1977;56:596 
variation as key to research design 
1978;57:322 
morbidity and mortality 1984;63:789 
pH data 
analysis (correspondence) 1978;57:143 
calculation (letter) 1979;58:63 
central tendency and the mean of 
mean (editorial) 1979;58:01 
statistical pearls 
I. an empty shell game 1976;55:82 
H. how often did that happen? 
1976;55:357 
III. the most likély interpretation 
1976;55:846 
Stellate ganglion, see 
Anatomy 
Anesthesia, diagnostic, therapeutic 
Anesthetic techniques, regional 
Heart 
Sympathetic nervoys system, ganglia 
Sterilization 
ethylene oxide, of spinal anesthesia 
ampules (questions and answers) 
1977;56:743 
laparoscopic, ‘“‘pentazepam” 1976;55:177 
skin 
* warming povidone-iodine solution for 
(correspondence) 1978;57:142 
warming preparation solutions 
(correspondence) 1977;56:748 
Steroids, see 
Anesthetics, intravenous 
Hormöñes, adrenal 
Stethoscope,*see Equipment 
Stimulator, see 
Equipment 
Monitoring 
Nerve 
Neuromuscular transmission 
Stomach, see Gastroinfestinal tract 


Streptomycin, see Antibiotics 
Students, œe Education 
Stylet, see =quipment 
Stylets, see Equipment 
Subarachneid space, see 
Anatomy 
Spinal cerd 
Subclaviam vein, see Veins 
Subdural space, see 
Anatom} 
Anesthetic techniques, spinal, epidural 
Succinylchaline, see Neuromuscular 
relaxants 
Sufentanil_ see 
Analgesi=s 
Anestheacs, intravenous 
Surgery 
adenotor.sillectomy, periodic apnea 
during 1979;58:50 
cardiova -cular | 
anesthetic management of the first 
perraanent, orthotopic, prosthetic 
card-ac replacement 1984;63:685 
anticoz gulant monitoring and 
neurralization during open heart 
surgery 1983;62:1095 
aortic valve replacement, 
herradialysis-dependent patient, 
anesthetic considerations 1975;54:24 
artifical heart implantation, 
car@ovascular and respiratory 
efferts of isoproterenol 1976;55:560 
assessment and reversal of heparin- 
indi ced anticoagulation for 
carGiopulmonary bypass 
198=62:710 
blood zlot formation during bypass, 
- procedures necessitated by massive 
hercorrhage 1978;57:273 
cardiaoulmonary bypass, effect of 
Paca, on O; consumption 
197€;55:269 
comparison of lidocaine and 
morphine as adjunct to anesthetic 
198¢ 559.130 
contrcl of hypertension during 
bypass, with cryptenamine 
197% ;97:54 
criteria for early extubation after 
1977;56:703 
damaze following bypass, with 
halcthane 1977;56:556 
direct-ventricular fibrillation 
198=;63:743 
dobufamine and myocardial 
meabolism 1982;61:917 
effect of heated humidified gases on 
. temperature drop 1984;63:1106 
effect-of protamine 1981;60:33 
effect. of protamine administration 
1983;62:831 
facial paleness (letter) 1982;61:475 
factors affecting A-aDo, after open- 
heart surgery 1976;55:315 
following propranolol 1975;54:571 
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halothane blood solubility during 
bypass, with crystalloid 
hemodilution and hypothermia 
1977;56:622 

heart failure after cardiopulmonary 
bypass (case history) 1975;54:842 

hemodynamic effects of morphine 
1976;55:47 

hemodynamic tracking system 
1980;59:169 

hemodynamics after aortic valve 
replacement (abstract) 1981;60:263 

hemodynamics of intravenous 
nitroglycerin 1982;61:927 

human factors and tasks in anesthesia 
1976;55:378 

hypotension following 1982;61:387 

hypotension following bypass 
1977;56:720 

infants 1975;54:800 . 

intra-aortic balloon counterpulsation 
for right heart failure 1980;59:74 

monitoring of femoral artery pressure 
during replacement of aneurysm of 
descending thoracic aorta 1977;56:603 

neuropsychiatric complications of 
bypass 1982;61:903 

nitroglycerin and myocardial 
metabolism 1982;61:828 

pediatric anesthetic complications 
1984;63:657 

pericardectomy 1976;55: 378 

percutaneous, transluminal coronary 
angioplasty (abstract) 1981;60:280 

perfusion characteristics during 
bypass and subsequent changes in 
alveolar—arterial oxygen tension 
gradients 1978;57:298 

plasma heparin activity and 
antagonism during bypass with 
hypothermia 1977;56:564 

platelet involvement in coagulation 
time 1984;63:394 

postoperative complications. following 
carotid endarterectomy (abstract) 
1981;60:236 

preoperative estimation of risk 
1981;60:625 

preoperative evaluation and 
preparation 1976;55:618 

propranolol and circulatory responses 
1981;60:579 

pulmonary edema following bypass 
1978;57:367 

renal function and stress response 
during halothane or fentanyl 
anesthesia 1981;60:552 

responses to clamping of the aorta 
during anesthesia 1979;58:372 

systemic vascular resistance in 
(abstract) 1982;61:181 

urine sodium and potassium during 
(abstract) 1980;59:526 

valve prosthesis management of a 
parturient 1976;55:214 


/ 
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carotid endarterectomy, complications 
of 1982;61:631 
chemodectoma, hypertension and 
tachycardia during anesthesia 
1980;59:388 
dental 
cannabinol during oral surgery, 
cardiovascular etfects 1976;55:203 
catecholamine response to oral 
surgery 1984;63:640 
intravenous sedation, local anesthesia 
1980;59:775 
gastrointestinal 
jejunolleal bypass, postoperative 
alveolar-oxygen tension difference 
1975;54:433 
jejunolleal shunt, anesthesia for 
1975;54:65 
gynecologic, bupivacaine vs etidocaine 
for vaginal delivery 1975;54:250 
laparoscopy 
acute hypotension 1975;54:142 
carbon dioxide embolism during 
1977;56:650 
evanescent nitrous oxide 
pneumothorax 1983;62:1121 
gas embolism death after 1978;57:232 
rheumatoid arthritis, cricoarytenoid 
joints 1975;54:742 
sterilization, “pentazepam”’ 
supplementing local analgesia 
1976;55:177 
teflon injection, vocal cords 
1975;54:739 
with local anesthesia, complications 
and blood-gas changes 1977;56:335 
laryngoscopy 
CO, laser, larynx and trachea (brief 
reports) 1976;55:146 
fire hazards using CO, laser 
1981;60:885 
increased cerebrospinal fluid pressure 
1975;54:687 
intravenous procaine as supplement 
to general anesthesia 1979;58:492 
maxillary sinusitis, nasotracheal 
intubation (brief reports) 
1976;55:885 
metal endotracheal tubes 1980;59:789 
otolaryngologic 1984;63:368 
maxillofacial, anesthetic hazard 
1980;59:150 
mediastinoscopy 
innominate artery compression, 
simulating cardiac arrest 
1976;55:748 
~ Jaceration of left pulmonary artery 
during 1977;56:226 
right radial artery pressure, during 
1979;58:428 
neurologic 
air encephalography, simplified 
technique (correspondence) 
1977;,56:469 
anesthesia for sitting position 
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(correspondence) 1977;56:325 

anesthesia for transsphenoidal, of 
hypophyseal region 1978;57:206 

cardiovascular and cation effects of 
urea 1981;60:641 

cerebrospinal fluid pressure, oxygen 
encephalography 1976;55:849 

computerized EEG analysis 
1983;62:186 

cordotomy 1984;63:1036 

encephalography, gas embolism (case 
history) 1976;55:141 

lateral sitting position 1976;55:326 

neuromuscular blockade, associated 
with trimethaphan 1976;55:353 

nitrous oxide encephalography, 
pediatrics 1976;55:402 ° 

prevention of blood pressure 
response in 1979;58:241 

somatosensory-evoked potentials 
1982;61:879 

subarachnoid intracranial pressure, 
anesthesia 1975;54:494 

ophthalmologic 

corneal abrasion, anesthesia 
1975;54:465 

intraocular pressure, thiopental and 
succinylcholine 1975;54:471 

intraocular pressure during 
anesthesia, electroshock therapy 
1975;54:479 

ketamine, and intraocular pressure in 
children 1976;55:773 

myocardial infarction following local 
anesthesia 1980;59:257 

pre- and post-anesthetic use of 
atropine, in patients with glaucoma 
(questions and answers) 1976;55:460 

vitrectomy 1975;54:58 

orthopedic 

blood loss control, total hip 
arthroplasty 1975;54:641 

blood volume changes, total hip 
arthroplasty 1975;54:391 

continuous opioid infusion for 
scoliosis fusion surgery 1983;62:841 

fentanyl—-morphine effects on 
somatosensory cortical-evoked 
potentials 1984;63:833 

Harrington procedure, intraoperative 
monitoring 1976;55:42 

intraoperative awakening for early 
recognition of possible neurologic 
sequelae, during Harrington-rod 
spinal fusion 1976;55:526 

methylmethacrylate safety (abstract) 
1980;59:542 

monitoring intraoperative spinal cord 
function 1976;55:42 

operative blood loss, total hip 
replacement 1975;54:641 

sodium nitroprusside-induced 
hypotension 1976;55:654 

spinal anesthesia for lumbar disc 
surgery 1976;55:550 


wake-up technique to avoid 
neurologic sequelae during 
Harrington rod procedure 
1977;56:733 
pediatric 
anesthetic complications with 
congenital heart disease 1984;63:657 
fentanyl—air-oxygen anesthesia for 
ligation of patent ductus arteriosus 
in preterm infants 1981;60:331 
pheochromocytoma 1983;62:100 
and cesarean section, anesthesia for 
1978;57:276 
enflurane anesthesia for removal of 
1977;56:62 : 
isoflurane anesthesia 1975;54:419 
isoflurane for resection of (letter) 
1983;62:955 
pulmonary artery pressure, 
monitoring 1983;62:1129 
pulmonary wedge pressure, 
‘aortography 1980;59:154 
plastic, general anesthesia technique 
1976;55:165 
plastic, larynx and trachea, carbon 
dioxide laser microsurgery (brief 
reports) 1976;55:146 
thoracic 
circulatory collapse after 
pneumonectomy 1977;56:451 
endobronchial intubation, 
intraoperative protection 
1976;55:340 
high-frequency positive-pressure 
ventilation in open-chest surgery 
1981;60:324 
mediastinoscopy, innominate artery 
compression simulating cardiac 
arrest 1976;55:748 
precordial ECG lead (brief reports) 
1976;55:740 
thoracotomy (brief reports) 
1976;55:740 
oxygen-jet ventilation during 
reconstruction in patients with 
tracheal stenosis 1977;56:429 
precored ECG lead, chest operations 
(brief reports) 1976;55:40 
stenotic trachea 1976;55:191 
thymectomy 1976;55:13 ‘ 
transplantation, liver 1984;63:1131 
urologic 
independent plasma levels of glycine 
and sodium (abstract) 1983;62:291 
neck pain, bladder perforation 
1980;59:801 
prevention of hypothermia during 
cystoscopy in neonates (brief 
reports) 1976;55:592 ° 
wound healing, in presence of nitrous 
oxide in rats 1978;57:527 ` 
Swan-Ganz, see 
Equipment, catheters, flow-directed 
Monitoring, vascular 
Sympathetic blockade 1975;54:593 
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Sympathetic nervous system 
adrenergic nerve ending 1984;63:1059 
adrenergic receptors, clonidine 
reduction of halothane 1982;61:741 
alpha-adrenergic agonists, clonidine, 
halothane safety and (abstract) 
1982;61:173 
alpha-adrenergic antagonists, labetalol, 
postoperative hypertension (abstract) 
1982;61:195 
anesthesia 
catecholamines and hemodynamics, 
autonomic dysfunction 1982;61:701 
effects of halothane, thiamylal, anc 
ketamine 1983;62:129 
anesthesia (letter) 1984;63:371 
B-adrenergic antagonists (abstract) 
1983;62:282 
B-adrenergic blockade, cardiac effects 
1984;63:817 
beta-adrenergic blocking agent, 
propranolol in cardiac surgery 
1975;54:571 
catecholamines 
blood levels, after administration of 
naloxone 1982;61:349 
effect of succinylcholine on plasma 
levels 1983;62:627 
enflurane compared to fentanyl 
anesthesia (abstract) 1980;59:532 
epinephrine, catecholamine release 
with morphine and diazepam 
1981;60:406 
fentanyl-O, anesthesia 1981;60:563 
halothane—epinephrine arrhythmias 
1984;63:297 
norepinephrine, catecholamine 
release with morphine and 
diazepam 1981;60:406 
norepinephrine, effect of fentanyl on 
canine coronary arteries 1981;60:21 
plasma levels (letter) 1982;61:366, 384 
dobutamine, myocardial metabolism 
1982;61:917 
dopamine °. 
arrhythmic doses of, and 
epinephrine, during halothane, 
enflurane, methoxyflurane, and 
fluroxene anesthesia in goats 
` 1977;56:207 
hypoxic ventilation 1984;63:106 
` renovascular effects (abstract) 
1980;59:552 
dystrophy 
centrally induced, of upper extremity 
1978;57:373 
saris eee in a 6-year-old, 
treatment by transcutaneous nerve 
stimulafion 1977;56:438 
treatment with regional intravenous 
reserpine 1980;59:500 
volitional sympathetic control 
1980;59:785 | 
ephedrine, activity in the pregnant ewe 
.. (abstract) 1981;60:228 


» 


. 


epinephrine 
arrhythmias induced by, during 
enflurane anesthesia, protection 
from lidocaine 1978;57:547 
arrhythmic doses of, and dopamine, 
during halothane, enflurane, 
methoxyflurane, and fluroxene 
anesthesia in goats 1977;56:207 
effects of intratracheal administration 
during cardiopulmonary 
resuscitation 1984;63:829 
enflurane, isoflurane, and halothane, 
comparative interaction in man 
1976;55:709 
injection, ventricular arrhythmias, 
1975;54:468 
interactions, further data on 
(correspondence) 1977;56:468 
interactions of (correspondence) 
1977;56:747 
plasma levels during anesthesia 
1982;61:366 i 
plasma lidocaine concentrations 
following epinephrine—lidocaine 
injection 1978;57:724 
spinal anesthesia and 1982;61:746 
spinal cord effects (letter) 1981;60:913 
suppression of noxiously evoked 
dorsal horn neuron activity 
(abstract) 1983;62:253 
ganglia, a-adrenergic blocking by 
trimethaphan 1984;63:290 
ganglionic blocking agents, lack of CNS 
depression from large doses of 
trimethaphan 1977;56:06 
Horner’s syndrome, following obstetric 
extradural block 1980;59:299 
ketamine 1980;59:45 
levodopa, effect on halothane 
anesthesia 1975;54:178 
local anesthetics, vascular smooth 
muscle 1982;61:756 
metoprolol, long-term therapy and 
neuroleptanesthesia in coronary 
artery surgery 1983;62:380 
norepinephrine, plasma levels during 
anesthesia 1982;61:366 
paravertebral sympathetic block, with 
bupivacaine, analgesia for labor 
1978;57:486 
propranolol 
attenuates renin release 1981;60:569 
control of rate-pressure product, 
cardiac anesthesia (abstract) 
1981;60:274 
effects on circulatory responses to 
induction of diazepam—nitrous 
oxide anesthesia and to 
endotracheal intubation 1981;60:579 
levels during cardiac surgery 
(abstract) 1981;60:239 
membrane-stabilizing actions and 
_-1981;60:897 
perioperative hypoglycemia 
1983;62:1035 


SUBJECT INDEX 


rate—pressure product, cardiac 
anesthesia 1981;60:732 
receptors, adrenergic and others 
1979;58:510 
splanchnic block, study of technique 
and spread of solution 1981;60:369 
sympathetic agents 
propranolol and circulatory responses 
1981;60:579 
propranolol, and isoproterenol effect 
on halothane MAC 1976;55:383 
propranolol, cardiac surgery 
1975;54:571 i 
propranolol, surgical anesthesia 
1976;55:1 
sympatholytic agents 1984;63:365 
_ cryptenamine, control of 
hypertension during 
cardiopulmonary bypass with 
1978;57:54 
effect of propranolol, circulatory 
responses, diazepam-—nitrous oxide 
induction and intubation (abstract) 
1981;60:265 
hemodynamic effects of metocurine 
in patients with coronary artery 
disease receiving 1977;56:255 
levels during cardiac surgery 
(abstract) 1981;60:239 
local anesthetics 1981;60:897 
propranolol anesthetics and 
1977;56:283 
propranolol attenuates renin release 
1981;60:569 
propranolol, effect on hemodynamic 
response and blood cyanide levels 
1979;58:466 
propranolol for ischemic myocardium 
1982;61:10 
beta-adrenergic blocking agent 
propranolol in cardiac surgery 
1975;54:571 
timolol-induced bradycardia 
1980;59:301 
use of propranolol to control rate- 
pressure product during cardiac 
anesthesia (abstract) 
1981;60:274 
sympathomimetic agents 
action of tetrodotoxin 1976;55:568 
activity of ephedrine in the pregnant 
ewe (abstract) 1981;60:278 
cardiovascular and respiratory effects 
of esoproterenol, artificial heart 
implantation 1976;55:560 
ephedrine, cesarean section 
1982;61:839 
phenylephrine, pharmacokinetics 
and neural blockade after livocaine 
1984:63:129 l 
vasopressors, effect on spinal 
anesthesia 1975;54:455 
transcutaneous electrical stimulation, 
increased skin temperature during 
1980;59:22 


/ 
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Synapses, see 
Anatomy 
Brain 
Neuromuscular junction 
Spinal cord 
Sympathetic nervous system 
Syringes, see Equipment 
Systolic time intervals, see Heart 
Tachyphylaxis, see Pharmacology 
Tamponade, see 
Complications 
Heart 
Tearing, see Eye 
Teeth, see 
Anesthesia, dental 
Complications, dental 
Pain, experimental 
Telogen effluvium, see Complications 
Temperature 
body, effect of halothane and fentanyl 
on temperature gradients 1983;62:1002 
body, maintenance by heated 
humidification 1976;55:719 
heated and humidified gas effects 
(letter) 1982;61:393 
humidification and adult body 
temperature during general 
anesthesia 1981;60:736 
intraoperative 1983;62:211 
measurements of 1982;61:284 
operating room (letter) 1981;60:226 
operating room temperature effects 
1980;59:852 
operating room temperature effects 
(abstract) 1980;59:557 
operating room temperature 
important to infants and children 
(letter) 1981;60:169 
body rewarming, effect of heated 
-humidified gases 1984;63:1106 
cold agglutination 1984;63:349 
dissociation constants, local anesthetics 
1983;62:1025 
inspired air with immersion heater 
humidifiers 1976;55:331 
measurement 1979;58:351 
liquid crystal thermometry (letter) 
1982;61:803 
monitoring 
intraoperative 1983;62:211 
liquid-crystal thermometry as 
screening device for intraoperative 
hyperthermia 1978;57:669 . 
neuromuscular relaxants 
d-tubocurarine and pancuronium, 
reaction to 1981;60:18 
potency of d-tubocurarine and 
pancuronium (letter) 1981;60:455 
postoperative, relationship of age, 
anesthesia, and shivering to 
‘rewarming in adults 1981;60:746 
production, striated muscle of frogs 
= 1975;54:527 
regulation, thermoregulatory defect in 
rats during anesthesia 1977;56:09 
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specific gravity, normal human 
cerebrospinal fluid and tetracaine 
density 1981;60:814 
Teratogenicity, see 
Pregnancy 
Toxicity 
Terbutaline, see Pharmacology 
Tetracaine, see Anesthetics, local 
Tetrodotoxin, see Anesthetics, local 
THAM, see Acid-base equilibrium, 
THAM 
Theophylline, see Pharmacology 
Theories of anesthetic action 
anesthetic potencies and theories of 
narcosis (abstract) 1980;59:535 
electron mobility 1983;62:936 
lipid solubility 
anesthetic properties of dioxychlorane 
1981;60:201 
convulsant gases and anesthetics 
1981;60:464 
pressure reversal, nonlinear antagonism 
in mice 1979;58:19 
anesthetic potencies and theories of 
narcosis (abstract) 1980;59:535 
review of molecular mechanisms 
1984;63:929 
Thiamylal, see Anesthetics, intravenous 
Thiomethoxyflurane, see Anesthetics, 
volatile 
Thiopental, see Anesthetics, intravenous 
Thoracic surgery, see Surgery, thoracic 
Thoracotomy, see Anesthesia, thoracic 
Thromboembolism, see Embolism 
Thyroid, see Hormones 
Tidal volume, see 
Lung 
Ventilation 
Timolol, see 
Rye, intraocular pressure 
Sympathetic nervous system, 
sympatholytic agents 
Tobramycin, see Antibiotics 
Tolerance 
halothane, effect of intrauterine 
exposure on postnatal autotolerance 
and brain weight 1983;62:565 
nitrous oxide, compared to barbiturates 
in mice 1981;60:137 
to ketamine 1976;55:788 
Tomography, see Measurement 
techniques 
Tongue, see Airway 
Topical anesthesia, see 
Anesthetics, local, lidocaine a 
Anesthetic techniques 
Toxicity 
bleomycin (abstract) 1984;63:274 
bupivacaine, successful resuscitation 
1984;63:856 
carcinogenicity, test of, and enflurane, 
isoflurane, halothane, 
methoxyflurane, and nitrous oxide in 
mice 1978;57:678 
chloroprocaine (letter) 1984;63:544 


cyanide 
during nitroprusside therapy in 
_ Oliguric patient 1977;56:729 | 
failure to antagonize nitroprusside 
1980;59:672 
limitations for use in plasma and 
whole blood 1979;58:457 
prevention with thiosulfate 
1982;61:120 
enflurane, reproductive toxicity 
1982;61:19 
fluroxene 1976;55:529 
halothane, hepatic injury 1982;61:824 
hepatic 1983;62:155 
cellular concentrations of anesthetic 
(letters) 1979;58:259 
effect of halothane, isoflurane, and 
blood loss 1984;63:965 
halothane 1982;61:809 
responses to volatile anesthetics: 
changes in surface scanning and 
enzyme leakage 1978;57:605 
inhalation anesthetics 
review of (correspondence) 
1978;57:595, 596 
trace concentrations 1978;57:328 
local anesthetics 
2-chloroprocaine-CE and bupivacaine 
1982;61:279 
bupivacaine, cardiotoxicity compared 
to lidocaine 1984;63:549 
cardiovascular effects of convulsant 
and supraconvulsant doses 
1982;61:03 
cell membrane fusion by 
chloroprocaine 1984;63:985 
chloroprocaine and bupivacaine in 
mice (letter) 1981;60:455 ~ 
comparative CNS toxicity following ~ 
rapid intravenous administration 
1983;62:375 — 
cytotoxicity of (letter) 1981;60:168 ` 
damaged muscle fiber regeneration 
1980;59:727 
deaths from cogivulsions in mice 
1980;59:401 
effects of epinephrine (letter) 
1984;63:702 : 
evaluation of the myotoxicity of 
bupivacaine in bier block 1983;62:796 
in vivo study 1982;61:961 
influence of lidocaine and 
bupivacaine on atria 1984;63:01 
inhibit hydrolysis of chloroprocaine 
by human serum 1978;57:534 
inject route alteration 1980;59:925 
intravenous amide 1982;61:317 
lidocaine, cardiotoxicity comared to 
bupivacaine 1984;63:549 
mepivacaine (carbocaine) in rat 
1980;59:275 
myotoxicity of lidocaine in rats and 
humans 1981;60:471 
neurologic deficits following epidural 
or spinal anesthesia 1981;60:150 
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Toxicity—continued 
local anesthetics—continued 
neurotoxicity after injection of large 
volumes 1983;62:802 
reverse arterial blood flow as a 
pathway for 1978;57:428 
systemic 1978;57:387 
methoxyflurane, fetal development in 
mice 1980;59:421 
methylene blue injection, renal blood 
flow 1976;55:674 
mutagenicity, halothane 1979;58:64 
neurotoxicity, responses to hypoosmotic 
solutions 1982;61:912 
nitrous oxide 
effect on thymidine and methionine 
_ syntheses 1983;62:738 
exposure to and neurologic disease 
among dental professionals 
.1981;60:297 
oxygen (case history) 1976;55:588 
renal, anesthetics 1982;61:812 
teratogenicity, and trace concentrations 
of anesthetic gases 1978;57:328 
trace concentrations, nitrous oxide 
effect on rat fetus 1980;59:175 
trace concentrations (abstract) 
1981;60:281 


Trace concentrations, see 


Anesthetics, gases, tract concentrations 
Anesthetics, volatile, trace 
concentrations 
Toxicity 
Trachea, see Lung 
Tracheal tubes, see Equipment, 
endotracheal tubes 
Trachectomy, see 
Equipment 
Surgery - 
Ventilation, artificial 
Train-of-four, see Neuromuscular 
relaxants 
Measurement techniques, 
neuromuscular blockade 
Neuromuscular relayants 
measuremeñt of response 
Tranquilizer, see ` 
Ataractics, 
Hyproti<s 
Jranscutaneous, see : 
Measurement techniques, blood gases 
Nerve, stimulation 
Transducers, see Equipment 
Transfusion 1983;62:122 
(abstract) 1984;63:234 
anemia, management of blood loss 
- 1979;58:439 
auto, Nétmotherapy transfusion 
1982;61:618 
autotransfusion, Haemonetic’s Cell- 
Saver’(abstract) 1981;60:242 
complications, wrong blood as cause of 
death 1981;60:777 
fibrinogen and albumin deficiencies 
= associated with packed red blood 


cells 1975;54:89 
filters, evaluation of 1978;57:463 
hemolysis, mechanical effects on 
packed erythrocyte transfusion 
1982;61:776 
intraoperative blood replacement (brief 
reports) 1975;54:550 
method for massive fluid resuscitation 
in the trauma patient 1983;62:613 
packed red cell 1975;54:89 
potassium, acute hyperkalemia 
associated with massive blood 
replacement (letter) 1983;62:1044 
stored blood 
correlation of ionized calcium citrate, 
and hydrogen ion concentration 
1979;58:274 
plasma cholinesterase activity in 
1980;59:211 
rapid warming causes bubbles in 
intravenous tubing 1980;59:512 
rupture of pressurized plastic bags 
(letter) 1980;59:228 
use of blood components 1975;54:01 
Transplantation, see 
Individual procedures 
Organs 
Surgery, individual procedures and 
organs _ 
Transsphenoidal surgery, see Surgery, 
neurologic 
Transtracheal, see 
Anesthetic techniques 
Larynx 
Ventilation 
Trendelenburg, see Position 
Trichloroethylene, see Anesthetics, 
volatile 
Tricyclic antidepressants, see Ataractics 
Trigger points, see Pain 
Trimethaphan, see 
Anesthetic techniques, hypotensive 
Sympathetic nervous system, ganglia 
Tris, see Acid-base equilibrium, THAM 
Tubes, endotracheal, see Equipment, 
endotracheal tubes 
Tubocurarine, see 
Neuromuscular relaxants, 
d-tubocurarine 


Twins, see Anesthesia, obstetric, pediatric 
Ultrasound, see Measurement techniques 


Ultraviolet, see Measurement techniques 
Uptake, see 
Induction 
Pharmacokinetics 
Urine, see Kidney 
Urology, see Surgery, urologic 
Urticaria, see Complications 
Uterus 
blood flow, nitroglycerine therapy for 
hypertension, pregnant ewes 
1980;59:494 
contractility, and enflurane, in rabbits 
1978;57:160 
rupture, with the use of vaginal 
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prostaglandin Ez suppositories (letter) 
1983;62:1046 
Uvula, see Airway, obstruction 
Vaginal delivery, see Anesthesia, 
obstretric 
Vancomycin, see Antibiotics 
Vapor pressure, see Physics 
Vaporizers, see Equipment, vaporizers 
Vasopressin, see Hormones 
Vasopressors, see Sympathetic nervous 
system, sympathomimetic agents 
Vecuronium, see Neuromuscular 
relaxants 
Veins 
air embolism, prophylaxis 1975;54:792 
basilic vein versus jugular technique 
CVP catheter positioning (brief 
reports) 1975;54:696 
cannulation 
bilateral thrombosis of 1981;60:448 
fiberoptic transillumination for 
1981;60:348 
(letter) 1984;63:373, 1143 
straight vs J-wire (abstract) 
1981;60:275 
central venous catheters, tip migration 
1984;63:949 
internal jugular, cannulation, 
ultrasound-simulated techniques 
1984;63:673 
jugular 
bilateral thrombosis of 1981;60:448 
cannulation 1982;61:536 
cannulation, comparison of internal 
and external routes 1980;59:40 
cannulation, errant guide wire (letter) 
1982;61:394, 717 
cannulation, hydrohemothorax 
following, recognized by 
intravenous pyelography 
1978;57:507 


cannulation, time required 1983;62:97 _ 


external cannulation (abstract) 
1981;60:275 
location with ultrasound Doppler 
blood flow detector 1978;57:118 
venipuncture, central venous pressure 
(brief reports) 1975;54:157 
versus basilic vein technics, CVP 
catheter positioning (brief reports) 
1975;54:696 
pulmonary admixture, changes in 
oxygen 1976;55:693 
subclavian, lymph leakage following 
catheterization of 1978;57:123 
vena cava, superior vena caval 
obstruction during heart surgery 
1983;62:941 
venous pressure, noninvasive method 
for measuring.during general 
anesthesia 1981;60:901 
Vena cava, see 
Anatomy 
Veins 
Venous pressure, see Veins 
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Ventilation effects of intraoperative PEEP, on gas exchange and (letter) 1981;60: 363 


alveolar oxygen tension 
calculation (correspondence) 
1978;57:746 - 
alveolar-arterial oxygen tension 
difference 1975;54:433 
factors affecting, open heart surgery 
1976;55:315 
alveolar, noninvasive measurement of 
gas exchange 1980;59:263 
apnea 
atypical pseudocholinesterase 
1976;55:243 
during adenotonsillectomy 1979;58:50 
maintenance of consciousness with 
1979;58:52 
postoperative, covert seizures as 
cause of 1978;57:136 
prolonged, succinylcholine (case 
history) 1976;55:737 
artificial — 
early extubation vs prophylactic 
ventilation in high risk patient 
1981;60:76 
manually operated self-inflating 
resuscitation bags 1977;56:202 
tracheobronchial cytologic changes 
1980;59:759 
tracheotomy (letter) 1984;63:1142 
- carbon dioxide, effects of enflurane 
during spontaneous ventilation 
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